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Abstract. A total of 59 oligochaete species were found in the studied materials*. The taxo- 
nomic notes on the following taxa are included: Nais with bifid needle setae, C. tatrensis, 
C. parviseta, and E. dominicae. The distribution of Aphanoneura (Aeolosoma spp.) and 
Polychaeta (Troglochaetus beranecki) in Polish underground waters is discussed. The 
composition and structure of the oligochaete taxocens from various kinds of water bodies 
(streams, springs, interstitial waters, and cave waters) in the mountains and uplands of 
southern Poland is presented. In montane streams four types of taxocen are distinguished: 
with predomination of Enchytraeidae, Naididae, Lumbriculidae, or P. vo/Ki. In interstitial 
waters taxocens similar to those living in the stream bottom are found, besides those 
streams, in which Naididae predominated in the benthic fauna. In stagnant, endogenous 
cave waters mainly Enchytraeidae and Lumbriculidae were noted, while in Sudeten Tubi- 
ficidae (Rhyacodrilus falciformis) were also encountered. In caves with watercourses 
Naididae and Propappus volki were also found. The comparison with oligochaete fauna 
living in the same kind of water bodies in other geographic regions showed the similarity 
of taxocens living in the studied water bodies (mainly on the genera level). 
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I. INTRODUCTION 


After geographical names the following abbreviations are used in the text: 
C. — Cave, 
I. B. — intermountain basin, 


L. — Lake, 
R. — River, 
S. — Stream, 
V — valley. 


Stations located in each region are numbered starting with 1 while a letter indicating region pre- 
ceding each number stands for: 

T - Tatra Mts, 

S — Sudeten Mts, 

J — Olkuska Upland, 

W — wells on Wysoczyzna Łaska Upland, 

I — other stations, situated in various regions. 

Taxocens of a few, most common, groups of benthic invertebrates living in the streams of vari- 
ous mountain ranges in Poland have been comprehensively described, e.g. Chironomidae from the 
High Tatra Mts (KOWNACKI 1971), Ephemeroptera (SOWA 1975), and Trichoptera from the West- 
ern Carpathian Mts (SZCZĘSNY 1986). However, so far there has been no such description of Oligo- 
chaeta dwelling at the bottom of montane streams. Likewise, there is no information on 
oligochaetes living in interstitial waters of montane streams, since the sole data from that habitat in 
Poland have been obtained from interstitial waters of submontane streams and rivers (KASPRZAK 
1973a) and one lowland river (KASPRZAK 1975). In the earliest papers summarising the knowledge 
of troglo- and stygobiontic fauna of caves in Poland (SKALSKI & SKALSKA 1969), or of stygobionts 
from underground waters of various types (SKALSKI 1976, 1994), no information on oligochaetes 
has been provided or only a scant one. Occasional studies on these invertebrates in Polish caves did 
not start until the 70-ties (DUMNICKA 1977b, 1977c), while the first paper summarising the knowl- 
edge on their presence in caves of Southern Poland was published only a few years later 
(DUMNICKA 1981). Nevertheless, the present state of our knowledge on the Oligochaeta fauna of 
underground waters is not sufficient since certain karstic areas have not yet been studied and the 
area of Kłodzkie Sudeten was studied only once in the 30-ties (PAX & MASCHKE 1935), when 
Niedzwiedzia C. — the most interesting and longest cave of this region — was not known. 


The present paper aims at summarising the knowledge on the distribution of oligochaetes in kar- 
stic areas of Poland. Taxocens of oligochaete present in the headwater streams of a few mountain 
ranges are compared; gradual changes in the composition and structure of oligochaete taxocens liv- 
ing in a benthic, interstitial, and cave environment are also investigated. Additional materials from 
the wells located on the Grabia R. terrace permitted comparison of the composition of underground 
water taxocens from karstic regions with those coming from areas of different geological structure. 
Moreover, an attempt to answer the question of how and when stygobiontic Oligochaeta species 
reached the underground waters of the studied areas of Poland has been made. 


History of the oligochaete fauna investigations on the studied regions 


Although the studies on aquatic fauna in the mountains (especially in the Tatra Mts) started as 
far back as at the end of XIX century, oligochaetes long remained one of less known groups. The 
first, very fragmentary, data on these invertebrates can be traced to the works of WIERZEJSKI (1881, 


Oligochaeta of southern Poland 


341 


1883), who studied the fauna of High Tatra Mts lakes and found there merely three Oligochaeta spe- 
cies. Further elaborations, also particularly concerning lakes, were made by MINKIEWICZ (1914) 
and KOWALEWSKI (1914), who determined material collected by the first above author. 15 species 
were mentioned in these papers. Initial information on the occurrence ofoligochaetes in the streams 
(Nais variabilis only) was given by CERNOSVITOV (1930). He studied mainly the fauna of lakes and 
soil Enchytraeidae from Slovak High Tatra and Nizne Tatra Mts. Further information on oligochae- 
tes from various lakes located at different altitudes can be found in papers by HRABE (1939, 1940, 
1942). The first list of oligochaete species found in the streams of the High Tatra Mts was given by 
DUMNICKA (19762). The first reports on oligochaete fauna from Western Tatra Mts streams were by 
KASPRZAK (1981a) and by KASPRZAK & ZAJONC (1980), who found five species. Thanks to the 
studies on the Kościeliski S. (DUMNICKA & WOJTAN 1989, DUMNICKA & GALAS 1997, GALAS & 
DUMNICKA 1998) the list was considerably enlarged. KOWALSKI (1955) was the first one to note the 
presence of the Oligochaeta in the Tatra Mts caves, followed by CHODOROWSKA & CHODOROWSKI 
(1960) who described the abundant presence of that group in certain types of cave water bodies, but 
without determination of those materials. In a few papers devoted to oligochaetes from caves 
(DUMNICKA 1977b, 1995b, 1996c) 22 species were listed, among them the majority being found in 
water bodies, but some also in cave terrestrial sediments, and one new species was described 
(GADZINSKA 1974). 


The first faunistic studies in the Sudeten Mts (the Śnieżnik Massif) on a large scale were carried 
out in the third decade of the XX century by Prof. Pax's team from Wroclaw. At the same time they 
studied aquatic fauna collected from various surface (swamps, springs, streams) and cave water 
bodies. The results of those studies were published in a series of papers (MASCHKE 1936, PAX & 
MASCHKE 1935, 1936, STAMMER 1936). In the underground waters stygobionts such as the poly- 
chaete Troglochaetus beranecki (in Radochowska C. and Na Rogózce C.), not known from other 
mountain ranges in Poland, were found (STAMMER 1937). On the basis of materials collected during 
those studies MOSZYNSKI (1936) described a new stygobiontic species (Trichodrilus spelaeus) 
found in an adit. Unfortunately, this adit was destroyed, and the species could not later be found. 
Parallel studies on aquatic fauna of the Śnieżnik Kłodzki Massif, mainly in the part now belonging 
to the Czech Republic, were carried out by HRABE (19372), who found six species of oligochaetes in 
the caves, including one stygobiont, as well as seven species in the streams. 20 species from running 
waters of Kotlina Kłodzka I.B. were reported by KASPRZAK (1973b, 1973c), who carried out his 
studies primarily on parts of streams polluted by municipal sewage, so that the most numerous were 
species belonging to the families Naididae and Tubificidae. 


The first information on oligochaetes from the Krakowsko-Wieluńska Upland (the Olkuska Up- 
land is a part of it) concerned underground waters originates from a paper by JAWOROWSKI (1893) 
who found in wells in Kraków two species of Lumbricidae and three Enchytraeidae species (includ- 
ing one, now considered as species dubiae). Further information was provided by SZARSKI (1947), 
who collected material mainly from fish ponds near Kraków, but also from running waters (Vistula 
R. and Wilga R.) and a well (in which he found Haplotaxis gordioides). An abundant occurrence of 
aquatic Oligochaeta in the Sąspówka S. (a tributary of the Prądnik S.) was noted by SZCZĘSNY 
(1968), but that material was not determined. KASPRZAK (1976c) elaborated oligochaete fauna of 
the Prądnik S. (31 species, 2 species in the spring), while DUMNICKA (1994b) in the Sąspówka S. 
Untill the 70-ties the only Oligochaeta taxa known from cave sediments of the Olkuska Upland 
were: Dendrobaena sp. described by DEMEL (1918) from the Nietoperzowa C. as well as undeter- 
mined Enchytraeidae, found by the same author in the Łokietka C. Later on, materials from a few 
caves were worked out (DUMNICKA 1977c, DUMNICKA 6 WOJTAN 1990) and two new species have 
been found in that environment (DUMNICKA 1976b, 1977a). 


From the Świętokrzyskie Mts the first list of oligochaetes present in running waters can be found 
in the paper by DUMNICKA (1978) concerning mainly the oligochaete fauna of the Nida R. and its 
main tributaries but also from the lower parts of this mountam range (Lubrzanka R. and Belnianka 
R.). More thorough studies of running waters in that area were carried out by KAHL (1983, 1986, 
1991). In this last paper she described in detail the distribution of species in the streams flowing 
down the Łysogóry Mts, the main range of the Świętokrzyskie Mts, and neighbouring regions. Oli- 
gochaetes in stagnant waters of the Świętokrzyski region were studied only by BARTNICKA (1978, 
1980). 
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Information on aguatic oligochaetes of the Niecka Nidzianska Basin can be found solely in pa- 
pers by DUMNICKA (1978), KAHL (1983), and by DUMNICKA & WOJTAN (1993). 
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II. MATERIAL AND METHODS 


In the present work materials collected in the period 1972—96, as well as some materials col- 
lected between 1965 and 1972 from the High Tatra Mts streams by Dr A. KOWNACKI are analysed. 
The frequency and periods of samplings varied considerably. In some High Tatra Mts streams 
(Czarny Potok S. and Sucha Woda S.), Saspówka S., and also in Kryspinowska C. samples were 
taken monthly. Seasonally (minimally 4 times a year) samples were collected from the remaining 
streams, springs, interstitial waters, wells and Kłodzkie Sudeten caves, two caves located on the 
Olkuska Upland, the Chelosiowa Jama C. (Świętokrzyskie Mts), and two Tatra Mts caves (Kas- 
prowa Niżnia C. and Wodna C.). In some caves and artificial cavities (called ,,souterrains") samples 
were collected only once or twice, and if more frequently this was in one season only — usually in 
winter. The smallest number of samples from one station was 10, but usually there were many more 
of them. The majority of materials collected in the Tatra Mountains, Olkuska Upland, 
Świętokrzyskie Mts, and Niecka Nidziańska Basin were already used in particular papers 
(DUMNICKA 1976a, 1977b, 1977c, 1994b, 1995b, 1996b, 1996c, DUMNICKA & GALAS 1997, 
DUMNICKA & WOJTAN 1989, 1990, 1993, 1994, GALAS et al. 1996a, GALAS & DUMNICKA 1998) 
but new data from various water bodies of these regions are also included. In the Tatra Mts new ma- 
terials were collected from springs and interstitial waters close to the streams as well as additional 
benthic samples from two streams: the Sucha Woda S. (High Tatra Mts) and Koécieliski S. (West- 
ern Tatra Mts). Materials from caves were also complemented by materials from cave water bodies 
(Zimna C., Naciekowa C., Kasprowa Niznia C.). As to the Olkuska Upland, material from springs 
located in the Saspówka V. and additional benthic samples from Saspówka S. were collected; in the 
Świętokrzyskie Mts — materials from the Raj C. and additionally from the Chelosiowa Jama C. were 
collected and worked out. Materials from the Sudeten Kłodzkie Mts (collected from streams, inter- 
stitial waters, springs, and caves), and also samples (collected by Dr A. KONOPACKA) from wells 
situated on the Grabia R. terrace (part of the Południowo-Wielkopolska Lowland) have not yet been 
published. In caves and souterrains (artificial cavities) samples have been collected from two kinds 
of water body. The first one was the underground watercourses of surface streams. These streams 
may inflow directly into the caves (e.g. the Skorocicki S.), or through a layer of sediments (the 
Kościeliski S.). The second type of water body — named endogenic water body — consisted of pools 
or lakelets originating from precipitation waters infiltrating the caves from the surface. Not all en- 
dogenic water bodies have direct contact with surface waters. Some of them are in contact with 
groundwaters, while others are isolated from thems owing to the impermeability of the cave floor. 


The samples (mainly qualitative ones) were taken from various kinds of bottom (solid rock, 
boulders, sand, clay, mud, detritus) in springs, streams, and cave water bodies using a bottom 
scraper (a slightly modified Surber net with a 0.3 mm mesh). In order to collect samples from inter- 
stitial waters of the streams holes 40-50 cm deep were dug, and infiltrating water was trickled 
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through a mesh (Karaman-Chappuis method). Samples from wells were collected using a Cvetkov 
net (one with a special plastic container preventing caught invertebrates from pulling back). Each 
time 20 hauls with a mesh were made. All samples were preserved with 496 formaline. After wash- 
ing from the sediments the animals were sorted using a stereoscopic microscope, and whole speci- 
mens were mounted in Canada balsam. The density (number of individuals per m?) was calculated, 
if this was possible. For all samples (qualitative and quantitative) the relative abundance of each 
species or higher taxon was calculated. The structure of taxocens was determined on the basis of 
these data. A taxocen, following the definition of CHODOROWSKI (1960), is a group of related spe- 
cies with defined and repeating dominance structure and living in the same environment. On the ba- 
sis of the relative abundance, in the taxocen three groups of species were distinguished: dominants 
10% « d < 100%, subdominants 1% « d « 9.9%, and remaining adominants d < 1%. For a few 
populations of Cernosvitoviella tatrensis the length of setae was measured on selected segments 
and the importance of differences was tested using the Student t-test. The homogeneity of popula- 
tions was tested on the basis of variation coefficient (CV) values (MAYR 1974): 


CV =(SDx100) : M 
where SD — standard deviation, M — average. 
The similarity of taxocens was defined on the basis of Sokal's method and cluster analysis. 


For biometric studies of C. tatrensis, besides specimens collected from the studied streams, ma- 
terial from theTatra lakes collected during statutory studies of the Institute of Freshwater Biology 
PAS and grants* was also used. 


III. DESCRIPTION OF THE STUDY AREA 


Classification, names and areas of geographic regions are used after KONDRACKI (1994) and de- 
picted in Fig. 1. 


] - The Tatra Mts 


These Mountains, formed during the Alpine orogenesis, are the highest (2663 m) range of the 
Carpathian Mts, and lie between the Huciańska Pass on the West, and the Zdziarska Pass on the 


Fig. 1. Map of Poland showing the location of the studied regions. T — Tatra Mts, S — Kłodzkie Sudeten Mts, J — Olkuska Up- 
land, 1 — Świętokrzyskie Mts, 2 — Niecka Nidziańska Basin, 3 — Beskid Śląski Mts, 4 — Beskid Niski Mts, 5 — Wysoczyzna 
Łaska Upland 
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East. In a straight line they are about 55 km long, about 15 km wide, and have an area of 785 km”, of 
which only 175? km lies in Poland. The studied water bodies are situated both in the High Tatra Mts, 
built from granite rock, while in lower parts in places from schists and flysch rocks and in the West- 
ern Tatra Mts built mainly from limestone and dolomites. 


The studied High Tatra Mts streams (Fig. 2) drain the northern slopes of that mountain range and 
the majority of them outflow from lakes: the stream from Czarny Staw under Rysy (1580 m), Rybi 
Potok S. — Morskie Oko L. (1395 m), Roztoka S. — Wielki Staw L. in Dolina Pięciu Stawów Pol- 
skich V. (1665 m), Czarny Potok S. (the upper part of Sucha Woda S.) — Czarny Staw Gąsienicowy 
L. (1620 m). Outflows from the mentioned lakes located at the highest altitude are situated in the al- 
pine pasture zone, and the remaining ones in the upper alpine forest zone (Table I). These streams 
are characterised by high variability of flow rates, the highest values being attained during the snow 
melting season and after driving rains. Only some fragments of the Sucha Woda S. bed are dry 
through parts of the year since its waters run out by underground ways (GŁAZEK 1995). The 
Kościeliski S. (Western Tatra Mts) originates from the joining of two streams: Pyszniański and To- 
manowy, which start from springs (altitude: 1325 m and about 1670 m). Although the Kościeliski S. 
runs through highly karstified terrains, periods of its complete drying out occur only in exception- 
ally dry years. Some of its waters run continuously through the Wodna pod Pisana C. Also through 
the Chochołowska Szczelina C. (Chochołowska V.) runs a part of the Chocholowski S. waters. 
Among the remaining studied caves (Table I) only the Kasprowa Niżnia C. is at times almost com- 
pletely flooded and its entrance then works as a vauclusian spring. Other caves fed by infiltration 
waters are drained by vauclusian springs situated on the valley bottom, mainly Koscieliska V. (Lo- 
dowe źródło S.) (GLAZEK 1995). 


Information on the hydrology, hydrochemistry, and on the zoocenoses of surface waters of the 
Polish Tatra Mts is collected in a book edited by MIREK et al. (1996), an unpublished elaboration by 
KOWNACKI & LAJCZAK (1997), and a detailed description of caves in the paper by KOWALSKI 
(1953) and subsequent volumes edited by GRODZICKI (1991, 1993a, 1993b, 1995). 


2 — The Sudeten Kłodzkie Mts 


The Sudeten were formed as a result of several orogenetic phases — from the Precambrian 
through early-Paleozoic to Variscan. During the Alpine orogenesis they were morphologically reju- 
venated owing to the strong breaks and the uplifting of the middle part along the border faults. The 
Sudeten spread from the Brama Luzycka (on the West) to the Brama Morawska separating them 
from the Carpathian Mountains, the total length being approximately 280 km, and width up to 50 
km. The Sudeten comprise several small mountain ranges separated by depressions of different 
sizes. In these mountains, built primarily from crystalline and metamorphic rocks of various age 
(bazalts, porphyries, schists, and gneisses), carboniferous rocks (mainly marbles) undergoing kar- 
stiphication processes form blocks or lens in which caves were formed. The studied region is a part 
of the East Sudeten, called Sudeten Kłodzkie, comprising among others the Śnieżnik Massif (1424 
m), Złote Mts (1125 m), and Bystrzyckie Mts (977 m), where marbles occur especially frequently. 
This is why in this area already in the XIX century several quarries and adits were built. During the 
exploitation of quarries large empty places inside the rocks were revealed but some of them were 
destroyed during later works. The largest cave of this region — the Niedzwiedzia C., was found in 
1966 also incidentally during the exploitation of a quarry. The greatest number of research stations 
were in the Snieznik Massif (Table II). In this Massif samples were collected from the bottom of the 
Kleśnica S., its interstitial waters, a few springs and the Niedźwiedzia C. (Fig. 3). All these stations 
are situated in the Kleśnica S. catchment area. This stream starts from springs located at an altitude 
of 1210 m. In its upper part, where the stations were located, it loses some water in several sinkhole 
systems; its waters run through the lower level of the Niedzwiedzia C., located at the level of the 
valley bottom and in some places even below it (CIĘŻKOWSKI 1989). A karstic area of that part of 
the valley is being formed until today, so great quantity of water runs through it and may shift in dif- 
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Description of the sampling stations located in the Tatra Mts 


Table I 


Koscieliska V. 


(435) 


Altitude m 
Name of the water Kind of NE ; 
Station Localization (height above | Bottom materials 
body water body 
valley level) 
SZM — —— 
boulders and stones over- 
TI High Tatra 1540 -1530 grown partially with algae 
Czarny Potok T2 seam Sucha Woda V. 1460 and moss; at T2 sand and 
gravel near the banks 
T3 1330 
Sucha Woda T4 stream as above 1180 as above 
TS 880 d 
T6 ; 1500-1400 
Roztoka T7 stream SW ag 1320-1280 as above 
T8 P : 1040-1020 
Rybi Potok TO  |stream High Tatra 1390-1350 as above 
Rybi Potok V. 
ERI I 
boulders and sharp-edged 
Kościeliski Potok TIO | stream West Tatts 1020-935 Stones dn some plagen over 
Kościeliska V. grown with moss; at the 
bank sand and gravel 
5 z High Tatra gravely, sandy and muddy 
Sucha Woda S. TII interstitial waters Sucha Woda V. 1330-880 deposits near stream bed 
Kościeliski Potok S. T12 interstitial waters Wa mara 1020-935 eravely, A UD 
Ko$cieliska V. deposits near stream bed 
EA limestone débris, sand and 
Lodowe Zródlo T13 eka: Spring | as above 973 gravel with agregation of 
(~500 dm sec ) 
moss and vascular plants 
ses a vauclusian spring | West Tatra : 
Wielkie Chocholowskie Źródło T14 (~500 dm? sec") | Chochołowska V. 988 as above 
Male Chochołowskie Źródło TIP JANEM SPINE | as above 990 Jimestone débris, sand and 
(~12 dm sec ) detritus 
; stream flowing West Tatra 1023 stones, gravel and sand at the 
Wodna pod Pisana C. o through the cave | Kościeliska V. (0) stream banks 
Chochołowska T16 stream flowing West Tatra 1051-1083 
Szczelina C. through the cave | Chochołowska V. (26-50) smallistones sandana clay 
mi 
) swallow hole, West Tatra 1120 clay covered in some places 
Zimna C. TIA pools and small Koécieliska V (125 with thin layer of muddy 
. ) ; à 
lake sediments and detritus 
small pool 
Naciekowa C. T18 (ESR) as above 1188-1199 as above 
clay, coarse sand, in some 
AS small lake, pools | West Tatra à s 
Kasprowa Niżnia C. ma and siphon Kasprowa V. 1228 E SY rook; 
experimental containers 
RAE : West Tatra clay, muddy sediments and 
Mietusia C. T20 pools and siphon Mietusia V. 1330 aerating 
| 
Bandzioch C. T21 pools Meet Tama 145671083 as above 
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BYSTRZYCA KŁODZKA 


Fig. 3. Localizations of the sampling stations in Kłodzkie Sudeten Mts. 


ferent directions. The Kleśnica V. is connected by an underground karstic system with the Morawa 
R. valley (Czech Republic), where two caves (Tvarozne Diry C. and Paceltova C.) with rich stygo- 
biontic fauna are located at a distance of 5.5 km from the Niedźwiedzia C. 


The second study area (in the Bystrzyckie Mts) was the Solna Jama C. and the Gołodolnik S. 
running in its vicinity (a distance of about 50 m). The lakelets situated in that cave are a few metres 
above the water level in the stream. Neither hydrological connections between cave waters and sur- 
face waters nor the origin of water in the cave lakelets were studied. 


The third study area was the Radochowska C. (Złote Mts), known probably since the end of 
XVIII century. Only waters of vertical infiltration occur there, which form permanent lakelets 
thanks to the impermeability of the cave bottom (PULINA 1996). The nature of the water supply and 
also a lack of correlation between water level changes in the cave and in a small, unnamed stream 


running in its vicinity allow the assumption that the Radochowska C. waters are isolated from the 
water of that area. 


The Snieznik Massif was comprehensively investigated twice: for the first time in the 30-ties 
(PAX & MASCHKE 1935) and once more in the 90-ties (JAHN et al. 1996). In the Niedźwiedzia C. de- 
tailed geological, hydrological, and biological studies were carried out (JAHN et al. 1989). Informa- 


tion on the caves in the Polish part of the Sudeten is assembled in papers by KOWALSKI (1954) and 
PULINA (1996). 
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Table II 
Description of the sampling stations located in the Sudeten Mts 
: Altitude m 
Name of the ; Kind of e^ : ; 
Station Localization | (height above Bottom materials 
water body water body 
valley level) 
F “AI 
ae : sharp-edged stones, partly overgrown 
Kleśnica SI stream AE Mast 820-730 by algae, gravel, sand and mud at the 
Klesnica V. 
banks 
Gotodolnik S2 stream Bystrzyckie Mts 620-600 [as above 
Kleśnica S3 Fi cec al waters Snieznik Massif 820-780 gravely, sandy and muddy deposits near 
Kleśnica V. stream bed 
spring no | S4 intermittent as above 750 sharp-edges stones, clay and mud 
spring no 2 $5 intermittent as above 750 as above 
PORE situated S6 intermittent as above 750 in the stream bed, sand and detritus 
below spring no 3 
spring no 7 S7 (~3 dm sec") as above 740 marbles stones, sand and detritus 
ER M S8 drubove 740 near the road, destroyed during studies, 
sand and leaves K 
spring no 13 S9 | as above 760 sharp-edges marbles stones Y 
A LA S10 aboe 755 stones, gravel and mud with filamentous 
| algae Rx 
e net aud S11 pools, rimstone 800-807 sharp-edges stones, mad partially cov- 
Deen SII pools,stream AA (10-15) | ered with thin layer of detritus 
Solna Jama C. SI2 lakelet, pool Bystrzyckie Mts 900 clay WA "d RU DD tayer ang 
(10) some stones | 
Radochowska C. S13 | lakelet, pools | Złote Mts 460-468 clay with thim dettas layer AERO 
3 E: _|of various sizes — 224 TEN 


3 — The Olkuska Upland (according to KONDRACKI (1994)) 


More frequently this region is called the Krakowska Upland. It constitutes a south-west part of 
the Slasko-Krakowska Upland (about 820 km”, average altitude 400 m). It is built by Upper Jurassic 
limestone which forms a compact platform. The summit surface is hilly, in the southern part divided 
by the valleys of a few small streams, the Pradnik S. with its tributary Saspówka S. among others 
(Fig. 4). 

Two of the studied caves (the Smocza Jama C. and Kryspinowska C.) (Table IIT) are located in 
the Brama Krakowska area, a transitional region among neighbouring macroregions. Brama Kra- 
kowska is the area dissected by tectonic faults on several tectonic horsts filled with Miocene depos- 
its. There is vast literature concerning the natural history ofthe Ojców National Park, located on the 
Olkuska Upland (PARTYKA 1976). The remaining parts of that Upland are much less known. Infor- 
mation on caves is contained in studies by KOWALSKI (1951), SZELEREWICZ & GÓRNY (1986). 


4 — The $wietokrzyskie Mts 


The Świętokrzyskie Mts constitute a part of the Kielecko-Sandomierska Upland, and consist of 
the Paleozoic core formed by sedimentary rocks from various geological periods, from Cambrian to 
lower Carboniferous. The Paleozoic core was formed during the Caledonian and Variscan orogene- 
ses, and later on remodelled during the Alpine orogenesis. These mountains have several parallel 
ranges separated by river valleys, the highest range being called the Łysogóry Mts (611 m). In that 
area caves were formed principally in Devonian marbles. The studied caves, the Chelosiowa Jama 
C. and Raj C. (Table III), are also located in the Kielecki subregion. Inside these caves are a few per- 
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Fig. 4. Localizations of the sampling stations in Olkuska Upland. 


manent and temporary pools, fed by infiltration waters. Moreover, in the lowest place of the Chelo- 
siowa Jama C. there is a lakelet located at groundwater level. The characteristics of this region, and 
above all of its caves, can be found in the paper edited by URBAN (1996). 


5 — The Niecka Nidziańska Basin 


From the North it borders with the Świętokrzyski region. This is an upland area (altitude about 
200-300 m) with a hilly surface, built of sedimentary rocks from various geological periods. Karstic 
phenomena occur here mainly in gypsum from the Tertiary which in places, e.g. in the studied 
Skorocicka V., are outcropped (GUBAŁA et al. 1998). The Skorocicki S. has both epigean and hypo- 
gean sectors, similarly to water bodies of other caves of that area, they are only partially located in- 
side the caves. Characteristics of the caves of this region were published by WOLOSZYN (1990) and 
GUBALA et al. (1998). 
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Description of the remaining sampling stations 


Table III 


; Altitude m 
Name ofthe water ; Kind of water do ; 
Station Localization | (height above | Bottom materials 
body body 
valley level) 
— = 
stones partly overgrown 
Sąspówka JI stream Olkuska Upland 370-335 with algae and moss, sand 
_| and mud near the bank 
|— 
; ; descending, scarp-foot in concrete casing, clay, 
spring of Saspówka no 16 J2 * SERC as above 442 MM z: 
(^1 dm sec ) | silt, sand and plant debris 
. 2, descending, scarp-foot E 
spring of Saspówka no 17 J3 idm see) as above 430 as above 
am ud ame casero silt, sand and small stones, 
spring no 20 J4 3 Bi P as above 390 with aggregation of Veron- 
(~8 dm sec ) ; : 
ica sp. in the outlet 
206 limestone fragments, clay, 
Smocza Jama C. J5 pools as above (0) in some places muddy 
| sediments and detritus 
; 220 
Kryspinowska C. J6 pools as above (0) as above 
Maciwoda C. J7 lake as above 380 A A MUR 


ve 


layer of silt and detritus 


clay with small amount of 


y lake, pools, rimstone ET 4 257-288 silt and detritus 

Chelosiowa Jama C. Il pool Swiętokrzyskie Mts (18-49) rocky bottom in rimstone 

pool 
- 250-259 rocky bottom with thin 

Raj C. D pools as above (3-13) layer of clay and silt 

in adit rocky bottom with 
xn > i thin layer of silt 
Miedzianka cave and mine 16 pool and adit as above 230-236 in pool clay and siltwith 
E detritus 
t 
Skorocicki S. 13 stream Niecka Nidzianska 205 gravel, sand and silt with 
Basin singular boulders 
Sieslawice C. I4 small lake as above 215 stan sharp-edges boul- 
r: 
I am | 

Mokra C. I5 pools Beskid Śląski Mts 990 boulders and stones with 
thin clay layer 

Sucha Góra I Quarry 17 temporary pool Beskid Niski Mts sand and stones with thin 
layer of clay 
stones, at the bank sand 

Sucha Góra II Quarry I8 small lake as above and silt, wood pieces sunk 

| in the water 
PAT wi Anja omen Ry Wysoczyzna Laska about 200 sand, calcareous rocks and 
Upland marls 
well no 3 W3 — 25 m from river, 6 y | as above as above as above 
Warm. Tz er 

well no 4 WA — 45 m from river, 10 | as above as above as above 

well no 5 WS — 420 m from river, 50 y as above as above as above 

well no 6 W6 ~ 300 m from river, 4 y| as above as above as above 

well no 7 W7 — 300 m from river, 70 y as above as above as above 
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6— Localization of the remaining stations 


The studied wells (Table III) are situated in the Grabia R. valley, (Wysoczyzna Laska Upland, 
altitude about 200 m). This terrain is built of sedimentary rock (limestone and marls) of the Creta- 
ceous period covered with sands. 


Information on caves from the remaining regions is collected in books: PULINA (19972, 1997b). 


IV. LIST OF SPECIES 


In the studied material 59 oligochaetes species belonging to 7 families are found. The family En- 
chytraeidae was the most numerous regarding both the number of species (29) found and the 
number of specimens. Representatives of this family dominated in the majority of the studied envi- 
ronments. Three other families (Haplotaxidae, Propappidae and Lumbricidae) were represented by 
singular species only. 


Naididae 


In the studied material 16 species were found out of 47 so far found in Poland (DUMNICKA & 
ROZEN 1997). In this family exclusively aquatic species are encountered, all of them mainly al- 
givores (scrapers), but in their alimentary canals usually detritus and mineral particles are also pres- 
ent, sometimes in large quantities. Considering the kind and availability of food, these invertebrates 
live among aquatic plants and at the bottom of various water bodies in the euphotic zone. In the in- 
terstitial waters they are sometimes very abundant (KASPRZAK 1973a). 


Amphichaeta leydigi TAUBER, 1879 


European species, in Poland abundant in the lowland regions, especially in the littoral of lakes 
(KASPRZAK 1981b), or in rivers with slow current (Brynica R. — DUMNICKA 1985) but living also in 
the submontane and mountain running waters: Dunajec R. and Łososina S. (DUMNICKA 1987), 
Raba R., (DUMNICKA 1996a), Wołosatka S. (DUMNICKA & KUKUŁA 1990). Occurrence: JI, I3. 


Chaetogaster diaphanus (GRUITHUISEN, 1828) 


Holarctic species (BRINKHURST & JAMIESON 1971), or even cosmopolitan (KASPRZAK 1981b), 
common in Poland; noted in many geographical regions, occurred in various types of water bodies, 
but usually not numerously. One of the predators, which are sparse among oligochaetes. Occur- 
rence: I3; lakes in Tatra Mts (MINKIEWICZ 1914), ponds near Kraków (SZARSKI 1947), running wa- 
ters in Swietokrzyskie Mts (KAHL 1983, 1986). 


Chaetogaster diastrophus (GRUITHUISEN, 1828) 


Cosmopolitan, ubiquitous species, common in Poland, most abundant in the peryphyton on vari- 
ous substrata and among filamentous algae (e.g. Cladophora sp. in the Raba R.) (DUMNICKA 
19962), among rotting plants and in colonies of sponges (KASPRZAK 19782). Occurrence: T10, 16, 
510, J1; lakes in Tatra Mts (MINKIEWICZ 1914), running waters in Swietokrzyskie Mts (KAHL 1983, 
1986, 1991). 


Pristinella amphibiotica LASTOCKIN, 1927 


Up to now known from European, African, and Chinese waters (KASPRZAK 1981b), habitat re- 
quirements not well known; in Poland singular specimens were noted in a few places: Chechlo- 
Nakło L. (Upper Silesia) (DUMNICKA 1985), Dunajec R. near Szczawnica (DUMNICKA 19952). Oc- 
currence: J1. 
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Pristinella menoni (AIYER, 1929) 


Known from Europe, Asia and Africa, in Poland dwells mainly in mountain waters, e. g. can be 
found in interstitial water of streams and rivers of Southern Poland (KASPRZAK 1973a), where to- 
gether with P. aequiseta form foreli constituted c. 60% of Oligochaeta fauna. Besides, found in lake 
littoral (Konin L. — KASPRZAK 1977) as well as on the bottom of rivers (Nida R. — DUMNICKA 1978, 
Lubrzanka R. — KAHL 1986), but in small numbers. Occurrence: S2, I3, streams in Kotlina Kłodzka 
I.B. (KASPRZAK 1973c), Prądnik S. (KASPRZAK 1976c) running waters in Świętokrzyskie Mts 
(KAHL 1983, 1986, 1991). 


Pristinella idrensis SPERBER, 1948 


European species, in Poland known only from submontane regions: Raba R. (KASPRZAK & 
SZCZĘSNY 1976), Biała Woda S. (DUMNICKA 1982), Dunajec R. and Łososina S. (DUMNICKA 
1987). Occurrence: S1-2, J1. 


Stylaria lacustris (L.) 


Cosmpolitan species, lives numerously among submerged plants and filamentous algae in stag- 
nant waters and slowly flowing rivers. In montane streams can be found in small numbers in pools 
and near — river waters, from where it can be transported to the main stream. Occurrence: J1; ponds 
near Kraków (SZARSKI 1947), Prądnik S. (KASPRZAK 1976c), running waters in Świętokrzyskie 
Mts (KAHL 1983, 1986, 1991). 


Nais elinguis MULLER, 1774 


Cosmopolitan species, common in Poland, lives numerously in polluted but oxygenated rivers, 
e.g. Nida R. (DUMNICKA 1978), Grajcarek S. in the Pieniny Mts (KASPRZAK 1979b) and Dunajec R. 
(DUMNICKA 1995a). KOWALEWSKI (1914) wrote about it as a very common species in the Tatra 
Mts, especially in the lakes, but HRABE (1939) questioned this identification. KOWALEWSKI (and af- 
ter him MINKIEWICZ 1914), mistook it for N. variabilis, a species dominating in this kind of habitat. 
Occurrence: S1, J1, I3, streams in Kotlina Kłodzka I. B. (KASPRZAK 1973c), Wilga R. in Kraków 
(SZARSKI 1947), Prądnik S. (KASPRZAK 1976c), running waters in Świętokrzyskie Mts (KAHL 
1983, 1986, 1991). 


Nais bretscheri MICHAELSEN, 1899 


Holarctic species, one of dominants in clean and slightly polluted rivers and submontane 
streams with fast current and stony or gravel bottom, e.g. Kryniczanka S. (SZCZĘSNY 1974), Biała 
Woda S. (DUMNICKA 1982), Raba R. (KASPRZAK & SZCZĘSNY 1976), found also not numerously 
from the Western Sudeten (Kwisa R. — KASPRZAK 1973b); in the Tatra Mts its presence was ob- 
served only below alt. one thousand metres and that was in the vauclusian spring (Lodowe Źródło) 
and the Orawsko — Nowotarska I. B. (Cichy Potok S. and Białka R. — altitude 850-620 m). Only in 
strongly polluted Rybi Potok S. was that species found in high altitudes (1380 m). Occurrence: T13, 
J1,3; Pradnik S. (KASPRZAK 1976c), Tatra Mts — streams of lower and upper subalpine forests 
(KASPRZAK & ZAJONC 1980), running waters of Świętokrzyskie Mts (KAHL 1983, 1986, 1991). 


Nais pseudobtusa PIGUET, 1906 


Vastly distributed species, most probably cosmopolitan, but usually not numerous. In Poland 
frequently found in various types of water body: both in the littoral of natural (MOSZYNSKA 1962) 
and artificially heated lakes (Konin L. — KASPRZAK 1977), as well as in lowland (Wełna R., 
KASPRZAK 1976a), or submontane rivers (Dunajec R., DUMNICKA 1987). Occurrence: T9, 10, 14, 
S1, 2, 7, 10, J1, 3; Tatra Mts — Morskie Oko L. (MINKIEWICZ 1914), ponds near Kraków (SZARSKI 
1947), Kotlina Kłodzka I.B. (KASPRZAK 1973c), Prądnik S. (KASPRZAK 1976c), running waters of 
Świętokrzyskie Mts (KAHL 1983, 1986, 1991). 
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Nais communis PIGUET, 1906 


Cosmopolitan species, commonly present in various kinds of water body (MOSZYNSKA 1962); 
in many springs it is the most numerous or even the sole representative of the Naididae family 
(springs of Raba R., KASPRZAK & SZCZESNY 1976, spring in the Biala Woda V., KASPRZAK 
1979b). Occurrence: T1, 6-10, 12-14, 16, S3, 10, J1-3, I3, 4; ponds near Kraków (SZARSKI 1947), 
Prądnik S. (KASPRZAK 1976c), running waters of Świętokrzyskie Mts (KAHL 1983, 1986, 1991). 


Nais pardalis PIGUET, 1906 


Cosmopolitan species; in Poland frequently present in stagnant waters and lowland rivers but 
not numerously (MOSZYNSKA 1962, KASPRZAK 1973b), in submontane streams and rivers more nu- 
merous, usually accompanies N. bretscheri or N. alpina, e.g. streams of the Pieniny Mts and the 
Małe Pieniny Mts (KASPRZAK 1979b), Kryniczanka S., (SZCZĘSNY 1974), Raba R. (KASPRZAK & 
SZCZĘSNY 1976). Occurrence: T14, J1; ponds near Kraków (SZARSKI 1947), Prądnik S. (KASPRZAK 
1976c), streams of Tatra Mts (KASPRZAK 198 la) and Kotlina Kłodzka I.B. (KASPRZAK 1973c), run- 
ning waters of Świętokrzyskie Mts (KAHL 1983, 1986, 1991). 


Nais variabilis PIGUET, 1906 


Holarctic species, noted from clean running and stagnant waters, even brackish: Puck Bay and 
seashore of Baltic (MOSZYNSKA 1962, KASPRZAK 1973b), where it can appear in mass. This is a 
dominant species in some out of the already studied lakes situated in the Polish part ofthe Tatra Mts, 
e.g. in Zielony Staw Gasienicowy L. (KOWNACKI et al. 2000), and also in streams (even temporary 
ones) outflowing many lakes; sometimes abundant in limnocrenes. Occurrence: T1-4, 6-11, 13, 14, 
S2, 10, J1, I3; ponds near Kraków (SZARSKI 1947), many lakes and shallow ponds in Slovak Tatra 
Mts situated on the timber line, stream starting from Lodowy Staw L. (CERNOSVITOV 1930, HRABÉ 
1939), running waters of Świętokrzyskie Mts (KAHL 1983, 1986). 


N. variabilis appears in large number both in highly mineralised or brackish waters (coast of the 
Baltic Sea — KASPRZAK 1973b) and in waters with extremely low ion concentration such as waters 
of the Tatra Mts and the Karkonosze Mts (Łomnica S. below Mały Staw L. leg. J. KWANDRANS, 
Łomniczka S. below waterfalls, leg. B. SZCZĘSNY). In other types of water body it is usually not nu- 
merous. Populations living in such different environmental conditions do not show overt differ- 
ences in the length of hair and needle setae, stated when comparing these lengths in specimens 
collected by KASPRZAK (1973b) from peryphyton growing on wooden poles at the beach in 
Darłówek and specimens living in Sucha Woda S. in Tatra Mts, and in Lomniczka S. The lerigths of 
hairs in specimens from these populations are within the range established by SPERBER (1 948) but 
do not reach their maximum values described by that author. 


Among seven species from the genus Nais having bifid needle setae in the dorsal bundles and in- 
habiting Polish and neighbouring water bodies (Table IV) only two species: N. christinae and N. 
elinguis are relatively easy to distinguish. The former owing to very characteristic ventral setae: in 
larval segments thin with longer distal tooth, in other segments — stout, with teeth of the same 
length, but different thickness — the proximal tooth is clearly thicker (Fig. 5). These setae resemble 
ventral setae of N. barbata. HRABE (1981) thought that N. christinae was identical with N. variabilis 
„forme des grand lacs" described by PIGUET (1906) from Swiss lakes. According to RODRIGUEZ & 
ARMAS (1983) populations of N. christinae found in Spain appear to have features somewhat re- 
sembling N. variabilis. However, in the material collected from Polish rivers these species are 
clearly different, above all they have completely different ventral setae (Fig. 5A-D). Precise de- 
lineation of these two species and statement of variability range of N. christinae requires compara- 
tive studies conducted on large material. 


Nais christinae, described from the heated Konin lakes (KASPRZAK 1973d), was quickly found 
in the Vistula R. in the Połaniec region (KOWNACKI 1999), in the Warta R. (BIESIADKA & 
KASPRZAK 1977) and in the Nida R. (DUMNICKA 1978), where it occurred in natural, not heated wa- 
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Table IV 
Comparison of taxonomic characteristic of some Nais species with bifid needle setae 
r 
Ratio distal: 
Length DICES proximal teeth 
. S . 
dacia ofhair | Teeth of R F 1055. of ventral setae | Giant | Stomach Sasa 
rior : j 
p setae | needle setae P E ? setae | dilatation 
osterior 
(um) P l 
ventral setae| anterior | posterior 
r | ; 
long; 2(1.8):1 ; 
Nais elinguis 150-305 | distal longer’? long; | similar 2 distal tooth | absent slow MAE. 
8 
parallel hinnep movement 
short; V: 2.6-2.9 with spiral 
Nais christinae | up to 330 | short divergent VI " TA 49 ESAI EST absent sudden p : 
finely bifid? add uc movements 
: s short; divergent! ^*^^ Mk: : A NA IN 
Nais communis | 125-268 fine: bifid?? similar, thin 1-1 x] absent slow no swimming 
AKATAA short"; fine II-V: 1.5-2 a f with spiral 
Nais variabilis | 170-570 divergent?" fine’ | VI-X:2.2-3 1.2 (1.4) :1] 1.2(1.4): 1|. absent sudden movements 
i ; long’; TEVA 1:7 Deal VIII-4:1 
; stole 2 , 9 ; 9 
Nais stolci 147-212 long, parallel X: 5 XV-2.5:1 ? slow ? 
fine, equal *; NZ 2:5] sometimes with spiral 
Nais pardalis | up to 120 | short parallel*®; VI -3 (1.8)2:1 sudden pua 
short VII-X: 3.4-4 pesen, movements 
long”; mv 1.6-1.9 2:lor present 
Nais bretscheri | up to 135 | short parallel; VI-3.6-3.7 Zar 341 sometimes slow no swimming 
quite long, parallel” | next — 4.5 lin giant setae] absent 


1 — according to SPERBER 1948; 2 — according to BRINKHURST & JAMIESON 1971;3 — according to HRABE 
1981; 4 — according to KASPRZAK 1981b; 5 — according to TIMM 1999a; 6 — personal observation. 


ters. Later on this species was found in the Dunajec R. (DUMNICKA 1987, 1995a) and Raba R. 
(DUMNICKA 19962). During earlier thorough studies on oligochaetes of the Dunajec R. at the same 
stretch (DRATNAL et al. 1979) and the Raba R. (KASPRZAK & SZCZESNY 1976) N. christinae was 
not encountered. Outside Poland that species is known from a few water bodies in the Czech Repub- 
lic, Slovakia (HRABÉ 1981), France (LAFONT & JUGET 1976, GIANI 1984), and Spain (RODRIGUEZ 
& ARMAS 1983). Sudden appearance of N. christinae in many places in Europe, including rivers, 
where oligochaetes fauna was described before can be explained by rapid spreading of that species 


E c | 
A1 A» : 
Fig. 5. Nais christinae (A-C) and N. variabilis (D) — shape of ventral setae. A, C1, D; — from VI segment; A», C2, D2- from 


X segment; B — from posterior segment. A;, A; — after KASPRZAK 1973d, B — after TIMM 19992, C;, C; — from Dunajec 
R. Dj, D;- from Sucha Woda S. 
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brought or migrating from obscure regions. Perhaps under the name N. christinae we have at least 
two ‘hidden’ species, as evidenced by substantial differences in the structure of setae. 


The second from relatively easily distinguishable species — N. elinguis, has exceptionally long 
and almost parallel teeth in the needle setae and all ventral setae with distal tooth twice as long as the 
proximal ones. Moreover, in N. elinguis specimens preserved in formalin the eyes are yellowish, or- 
ange, or pale-beige, whereas in other species from genus Nais fixed in that preservative, the eyes are 
pinkish violet, violet, to dark-violet. 


The remaining species from that group can be put in the following order: N. communis — N. vari- 
abilis — N. pardalis — N. stolci — Nais bretscheri. In that line consecutive species resemble neigh- 
bouring ones while at the same time each one shows high variability of taxonomic features which 
hinder their right determination. In this situation the largest possible number of various features — 
morphological, anatomical, and behavioural should be applied for determination of each species 
from that group of resembling species. 


The main feature is the shape of the ventral setae, described and depicted in keys for each men- 
tioned species. The identification of N. communis and N. variabilis is based mainly on the structure 
of these setae. In N. communis setae both in anterior and posterior segments have the same thickness 
and equal teeth, whereas in N. variabilis ventral setae in posterior segments are thicker than in ante- 
rior ones, moreover in all ventral setae distal teeth are longer than the proximal one. The shape and 
thickness of ventral setae also allows distinction of N. variabilis from the related N. pardalis (espe- 
cially specimens without giant setae). The setae of posterior segments in N. pardalis are thicker and 
the difference between distal and proximal teeth more distinct (Table IV). According to SPERBER 
(1948) and KASPRZAK (1973b), a useful method in distinguishing the two species is to compare the 
length of the hair and needle setae and their ratio. LODEN & HARMAN (1980) cultivated the two spe- 
cies together and after 30 days of culture (which equals 7-15 generations formed by asexual repro- 
duction) setae of that species remained distinctive. HRABÉ (1981) takes into account also the angle 
between teeth in ventral setae of larval segments as a feature helpful in distinguishing these similar 
species. It is believed to be acute in N. pardalis, N. stolci and N. bretscheri, while right-angled in N. 
variabilis. According to drawings in keys, original papers, and the present author's observations, 
the angle is very similar in all species from that group except for N. communis and N. variabilis 
where it is slightly less acute. Taking into account the shape of ventral setae, the only feature allow- 
ing distinction of N. bretscheri from N. stolci is the presence of giant setae in the former. However, 
in various environmental conditions giant setae may disappear, which was observed in, e.g., Pris- 
tina aequiseta where its presence or absence depends on physico-chemical conditions of the envi- 
ronment (LODEN & HARMAN 1980). Also in these species from the genus Nais (N. pardalis, N. 
bretscheri), which most often possess giant setae, specimens without them are also known. There- 
fore, it is impossible to distinguish N. bretscheri from N. stolci definitely on the basis of the struc- 
ture of ventral setae. 


The shape of the needle setae, mainly the shape and length of teeth, is the next feature most fre- 
quently used in keys to the Naididae family (SPERBER 1948, CHEKANOVSKAYA 1962, BRINKHURST 
& JAMIESON 1971, KASPRZAK 1981b, TIMM 19992). Unfortunately, for a few of the discussed spe- 
cies there are no drawings depicting the shape of the needle setae, while there are substantial differ- 
ences in the descriptions, e.g., in the case of N. pardalis or N. bretscheri (Table IV). The comparison 
of shapes of the needle setae in available drawings from keys, paper of HRABÉ (1981), and the 
author's own observations allow the statement that in N. communis, N. variabilis, and N. christinae 
the teeth of needle setae are very short and more or less divergent (Fig.6A-J). According to TIMM 
(19992), in the last species the teeth are poorly seen. In N. pardalis and N. bretscheri these teeth are 
parallel, on some pictures of N. bretscheri — a little longer (Fig. 6K-P), while in N. stolci they are 
parallel and have almost the same length as in N. elinguis (Fig. 6R-W). Therefore the shape of nee- 
dle setae teeth allows distinction of N. stolci from N. bretscheri. It was thought that one of the useful 
diagnostic feature allowing distinction of similar species from that group is the kind of transition of 
the oesophagus into stomach dilatation — abrupt in N. pardalis and N. variabilis, while slow in N. 
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Fig. 6. Distal end of bifid needle setae in some species of the genus Nais. A-C —N. communis, D-F — N. variabilis, E — nor- 
mal shape, F — teeth anormally divergent G-J — N. christinae; K-M — N. pardalis; N-P — N. bretscheri; N,— young speci- 
men, Nz- fully developed specimen; R-S —N. stolci, T-W — N. Elinguis. A — after SOKOLSKAYA 1962; B, D, I, L, O, V 
— after TIMM 1999a; G — after KASPRZAK 1973d; Hi, Ha, K, Ni, No, R, U — after HRABE 1981; S — from Valča S. leg. det. 
F. ŚPORKA; T — after SPERBER 1948; C — from spring; E, F — from Sucha Woda S.; J, W — from Dunajec R.; M, P — from 
Raba R. 


communis, N. bretscheri, and N. stolci. Sometimes in the preserved material the kind of stomach 
dilatation is not clearly visible, which may result from the shrinkage of tissue caused by formalin. 


The next accessory diagnostic feature may be the way in which these species move in water. 
Some species do not swim, while some of them swim with spiral or lateral movements (Table IV); 
unfortunately for N. stolci the way of movement is not known. 


With such small differences among species it is possible to classify them correctly only when 
large material is available. In cases where only single specimens are collected, especially in atypical 
- environment, it is better to limit classification to species complex. 


Nais alpina SPERBER, 1948 


European species, frequently found in large numbers in clean streams and submontane rivers 
where it may be one ofthe dominants in the oligochaetes taxocen, e.g. Czarny Potok S. near Krynica 
(SZCZĘSNY 1974), Biała Woda S. (DUMNICKA 1982). Occurrence: T10, 12, 81-3, 10, J1; Prądnik S. 
(KASPRZAK 1976c). 


Oligochaeta of southern Poland 


357 
Homochaeta naidina BRETSCHER, 1896 


Species known from Europe and Japan, in Poland rare, found in Lednickie L. (MOSZYNSKA 
1962) and numerously in the Vistula R. near Kraków (SZARSKI 1947). Habitat requirements not 
known. Occurrence: JI. 


Vejdovskyella intermedia (BRETSCHER, 1896) 


European species, in Poland common in river bottoms, e.g. in Wema R. (KASPRZAK 1976a), 
Nida R. (DUMNICKA 1978) or Raba R. (KASPRZAK & SZCZESNY 1976); found also in the lake litto- 
ral (Konin L., Pomorski Lake District (KASPRZAK 1981b). Occurrence: J5. 


Tubificidae 


Exclusively aquatic species, detritivorous — in Poland 35 species have been found so far (includ- 
ing a few characteristic of brackish waters) (DUMNICKA & ROZEN 1997), in the studied material 4 
species only. They inhabit all kinds of water body, but most abundantly occur on the muddy bottom 
in rivers and lakes (also montane) where frequently they are the dominant taxa of the benthic macro- 
fauna. In montane streams usually not present or extremely sparse. 


Rhyacodrilus falciformis BRETSCHER, 1901 


European species, thought to be stygophile, may be considered as a bioindicator of the presence 
or proximity of springs (JUGET 1987). Known from various kinds of natural water bodies rich in or- 
ganic matter, such as overgrown small ponds near Swiecie (MOSZYNSKI 1934), swamp on Cybina 
R. (KASPRZAK 1972a), marsh (KASPRZAK 1979b), springs of different types and karstic streams 
(HRABE 1981). Occurrence: S11, 12, J1, 4; streams of Niżne Tatra (CERNOSVITOV 1930) and Tatra 
Mts (KASPRZAK & ZAJONC 1980). 


Epirodrilus pygmaeus (HRABE, 1935) 


European species, described and most often found in the Czech Republic, known also from 
Yugoslavia (HRABE 1981). In Poland single specimens were collected mainly in the southern part of 
the country: Dunajec R. (DUMNICKA 1987), Brynica R. (DUMNICKA 1985), but also in the harbour 
basin on the Wolin Island (LEGEŻYŃSKI 1971). Occurrence: J1; streams of Kotlina Kłodzka LB. 
(KASPRZAK 1973c). 


Tubifex tubifex (MÜLLER, 1774) 


Cosmopolitan species, common in stagnant and slow-running waters with muddy bottom; one 
of dominant species in polluted waters. Occurrence: J1,3, I3. Snieznik Massif (HRABE 19372), 
streams of Kotlina Kłodzka I.B. (KASPRZAK 1973c), ponds and Vistula R. near Kraków (SZARSKI 
1947), Prądnik S. (KASPRZAK 1976c), running waters of Swietokrzyskie Mts (KAHL 1983, 1986, 
1991). MINKIEWICZ (1914) reported the presence of this species from a few lakes on the Polish side 
ofthe Tatra Mts from Zmarzly Staw L. under Zawrat P. (alt. 1787 m) and Zielony Staw L. in Gasi- 
enicowa V., from lakes in Pięć Stawów Polskich V. to Toporowy Staw Zadni L. (1089 m). In Slovak 
High Tatra Mts reported by CERNOSVITOV (1930) and HRABÉ (1981) who found this species in 15 
lakes situated in the alpine zone out of 20 studied. In the studied mountain streams (Tatra Mts, 
Śnieżnik Kłodzki M.) occurred only scarce juvenile specimens of Tubificidae with hair setae, 
probably belonging to that species. 


Tubifex ignotus (STOLC, 1886) 


Probably cosmopolitan species, in Poland common, reported from streams in the Male Pieniny 
Mts (DUMNICKA 1982) and submontane rivers — Dunajec R. (DUMNICKA 1987), to lakes in Pomor- 
skie Lake District (MOSZYNSKA 1962). Usually not numerous, only in Lubrzanka R. close to the 
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mouth it was the dominant species on the muddy bottom (KAHL 1986). Occurrence: 13; Pradnik S. 
(KASPRZAK 1976c), running waters of Swietokrzyskie Mts (KAHL 1983, 1991), Tatra Mts — stream 
in Niżny Smokowiec (CERNOSVITOV 1930), Strbske pleso (HRABE 1939). KASPRZAK & ZAJONC 
(1980) report that this species is characteristic for Tatra Mts lakes situated in the upper alpine forests 
zone, but they did not give actual localizations. 


Lumbriculidae 


A relatively small family with exclusively aquatic species, the majority of them occurring on the 
bottom of mountain streams and lakes as well as in subterranean waters. Frequent endemites, espe- 
cially among stygobionts. The distribution of stygobiontic species is inadequately known, owing to 
the lack of studies (mainly on interstitial waters) in some geographical regions, scant occurrence of 
these species, and also taxonomic problems. Therefore attribution of a given species to endemic 
ones may result from poor knowledge of its distribution. In Poland only 9 species have been found 
so far, including 4 stygobionts (DUMNICKA & ROZEN 1997). In the studied material 7 species were 
found, including 3 stygobionts. The last stygobiont found in Poland, Trichodrilus spelaeus species 
inquirenda, described on the basis of one specimen (MOSZYŃSKI 1936) from locus typicus (a non- 
existant adit in Klecienko village at the foot of the Snieznik massif). It is usually considered as an 
abnormal specimen, having one male pore on IX segment and the other on X. In spite of a search 
carried out in this region this species was not retrieved. 


Lumbriculus variegatus (MÜLLER, 1774) 


Holarctic species, in waters with low pH is frequently the dominant: Karkonosze Mts, Ka- 
mienna R. (KASPRZAK 1976b), Swietokrzyskie Mts — spring sector of Lubrzanka R. (KAHL 1986), 
in other habitats found frequently but in small numbers (KASPRZAK 1981b). Occurrence: T2, 3, 6-8, 
15, 16, J1; Toporowy Zadni pond (MINKIEWICZ 1914), lakes in Slovak Tatra Mts (CERNOSVITOV 
1930, HRABE 1939), streams in Tatra Mts (KASPRZAK & ZAJONC 1980), ponds near Kraków 
(SZARSKI 1947), Prądnik S. (KASPRZAK 1976c), Kotlina Kłodzka I.B. — drainage ditch and streams 
(KASPRZAK 1973b), running waters of Świętokrzyskie Mts (KAHL 1983, 1991). 


Stylodrilus heringianus CLAPAREDE, 1862 


Holarctic species, in Poland frequently found in mountain or karstic streams and rivers with cold 
water: Karkonosze Mts, Izerskie Mts (KASPRZAK 1976b), Kryniczanka S. (SZCZĘSNY 1974). It 
lives on sandy-gravel or stony bottom and coastal alluvial sediments. Well tolerates low water pH 
(KAHL 1986), but is also frequent in slightly alkaline sediments (pH 7.0-8.0) (KASPRZAK 1973c). 
Occurrence: T2, 15, 16, J2; Snieznik Massif (HRABE 1937a), Kotlina Kłodzka I.B. (KASPRZAK 
1973b), Tatra Mts lakes from Wahlenbergowy Wyzni Staw (2154 m) to Toporowy Staw (1089 m) 
(MINKIEWICZ 1914, CERNOSVITOV 1930, HRABÉ 1939), streams of Niznie Tatra Mts 
(CERNOSVITOV 1930) and Tatra Mts (KASPRZAK & ZAJONC 1980), Pradnik S. (KASPRZAK 1976c), 
Swietokrzyskie Mts streams where in sectors close to the springs and upper ones, was frequently the 
dominant species (KAHL 1983, 1991). 


Stylodrilus parvus (HRABÉ & CERNOSVITOV, 1927) 


Holarctic species, known from a few places with highly different ecological conditions. In Po- 
land found in the Bieszczady Mts (Wołosatka S., Terebowiec S.), where it was the dominant species 
(DUMNICKA & KUKULA 1990), frequent in the Eastern Carpathians and in Yugoslavian mountains 
(HRABÉ 1981). It may occur also in sea — and brackish waters (Caspian Sea - CHEKANOVSKAYA 
1962), while in Poland — a small brook ending in Pucka Bay (LEGEŻYŃSKI 1976). Occurrence: S2; 
Snieznik Massif (HRABÉ 19372), streams of Niżne Tatra Mts (CERNOSVITOV 1930) and of Tatra 
Mts (KASPRZAK & ZAJONC 1980). 
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Stylodrilus brachystylus HRABE, 1929 


Species known till now from a few European countries: Czech Republic (HRABE 1981), France 
(GIANI 1979a) and Spain (GIANI 1984), Estonia (TIMM 1999a) and from southern Poland where it 
was found in stony-gravel sediments and at the bottom of Kwisa R. and Nysa R. (Western Sudetes 
Mts), Poroniec S. (Orawsko-Nowotarska I.B.) (KASPRZAK 1973b, c), streams in Bieszczady Mts 
(KASPRZAK 198 1a) and in a well in Warta V. (KASPRZAK 1973c). Occurrence: T2, Snieznik Massif 
(KASPRZAK 1973c). 


Trichodrilus pragensis VEJDOVSKY, 1875 


Stygobiont, described from a well in Prague; this description was revised by HRABE (1971), on 
the basis of material collected also from wells in Prague, and also from wells at Oslavany (Mo- 
ravia). HRABE had two specimens (from the collection of Prof. PIGUET) captured in a well in Basel 
(Switzerland) and determined as 7. pragensis, but after studying their anatomy Hrabć ascertained 
that these specimens represented a new family (Dorydrilidae) and subsequently described it as Do- 
rydrilus mirabilis. Hence, the demonstration of the presence of T. pragensis in Switzerland on the 
basis of Prof. PIGUET's materials is unfounded, while the report of its presence at the Baltic Sea 
coastline (MENGE 1845, after MOSZYNSKA 1962) needs confirmation. This species was found in the 
interstitial environments of some running waters in Rumania (BOTEA 1963), hyporeic waters of 
mountain streams of Eastern Hesse (SCHWANK 1981), and in Pozo del Inferno (Cantabria, Spain), 
(RODRIGUEZ & GIANI 1994). Occurrence: S11, 12. 


Trichodrilus cernosvitovi HRABE,1937 


Stygobiont, a rare species known so far from the place where it was originally described (springs 
of the Waha R. — Belgium, HRABE 1937b) and from interstitial waters in a few places in Europe: 
Rhóne R. (JUGET & DUMNICKA 1986), Grajcarek S. in Pieniny Mts (KASPRZAK 1979b). Occur- 
rence: T12; Ku Dziurze S., Strazyski S. and Olczyski S. (near a large vauclusian spring) — in at least 
one of the listed streams (KASPRZAK 198 1a), (the author did not provide exact localization). 


Trichodrilus moravicus HRABE, 1938 


Stygobiont, rare species, known from bottom and alluvial sediments of streams in Male Pieniny 
Mts (KASPRZAK 1979b), also found in profundal of a lake in Niżne Tatra Mts (HRABE 1981). Occur- 
rence: T19, S11, 12; streams flowing out from caves on Morawy, Śnieżnik Kłodzki Massif (HRABE 
1937a). 


Haplotaxidae 
Haplotaxis gordioides (HARTMANN, 1821) 


Holarctic species, in Poland exclusive representative of that family, known only from the south- 
ern part of the country. Species characteristic of cold mountain and upland waters, lives even in pol- 
luted water currents of that type, e.g. Kamienna R. in Szklarska Poreba (Karkonosze Mts) 
(KASPRZAK 1976b), Pradnik S. (DRATNAL 1976, KASPRZAK 1976c). Occurrence: T8-10, 15, J5, 
W6; Czarny Staw pod Rysami L. (MINKIEWICZ 1914), lakes in Slovak part of Tatra and Nizne Tatra 
Mts (CERNOSVITOV 1930, HRABE 1939), Snieznik Massif (HRABE 1937a, KASPRZAK 1973c), Kot- 
lina Kłodzka I.B. (KASPRZAK 1973c). 


Propappidae 


Propappus volki MICHAELSEN, 1916 


Palearctic species, dominant in non-polluted running waters with sandy and gravel bottom in 
Poland, e.g. in clean sectors of rivers: Nida R. (DUMNICKA 1978), Brynica R. (DUMNICKA 1985) or 
Wełna R. (KASPRZAK 19762); less numerous on sandy-muddy bottom (KAHL 1983). Occurrence: 
T1, 5, 7, 10, 13-16, S7, JI, 4; Tatra Mts streams (KASPRZAK 1981a, KASPRZAK & ZAJONC 1980), 
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streams in Śnieżnik Massif (HRABE 1937a, KASPRZAK 1973c), and in Kotlina Kłodzka I.B. 
(KASPRZAK 1973c), running waters of Swiętokrzyskie Mts (KAHL 1983, 1986). 


Enchytraeidae 


To this family, represented in Poland by 89 species (DUMNICKA & ROŻEN 1997), belong mainly 
forms living in the soil, although some genera (Mesenchytraeus, Cognettia), and also single species 
from other genera (e.g. Marionina argentea, M. riparia or Enchytraeus buchholzi) are very com- 
mon on the bottom of various water bodies. Only genus Cernosvitoviella is known mainly from the 
aquatic environment. In the studied material 29 species of enchytraeid were found, including many 
typically soil species. Data concerning the occurrence of Enchytraeidae in the water bodies are very 
fragmentary, since in hydrobiological studies enchytraeids were usually not determined and treated 
only summarily. In the case of enchytraeids, the distribution of individual species and even of gen- 
era is not sufficiently known. New species are being described and many geographical regions have 
not yet been studied in this respect. Perhaps the majority of enchytraeid genera will turn out to be 
cosmopolitan ones, with species of much smaller ranges. The ease of accidental, passive transport, 
especially of soil enchytraeid species by humans, as well as high adaptability of many species from 
this family may lead to the disappearance of diversification of enchytraeids fauna of even distant 
terrains. 


Mesenchytraeus armatus (LEVINSEN, 1884) 


Species known from Europe and North America, amphibious form, in Poland known mainly 
from the southern part of the country: Raba R. (KASPRZAK & SZCZĘSNY 1976), Karkonosze Mts, Izer- 
skie Mts (KASPRZAK 1976b), but also noted on the Baltic coastline and on the Wielkopolsko- 
Kujawska Lowland (MOSZYŃSKA 1962). In mountain streams it may be a dominant taxon, e.g. in 
small streams of Pieniny Mts (KASPRZAK 1979a). Occurrence: T1, 3, 6-13, 16, S 1-7, J2; Prądnik S. 
(KASPRZAK 1976c), Tatra lakes (CERNOSVITOV 1930), Tatra streams (KASPRZAK 1981a), cave 
sediment in Dziura C. (KASPRZAK & ZAJONC 1980), running waters of Świętokrzyskie Mts (KAHL 
1986, 1991). 


Cernosvitoviella atrata (BRETSCHER, 1903) 


Holarctic species, amphibious, in Poland common, but usually not numerous, known from vari- 
ous habitats: springs, lowland and submontane rivers, lake littoral, soil of swamps and peat bogs 
(KASPRZAK 1986a), wells (KASPRZAK 1973c). Occurrence: T1, 4, 10-13, 16, 17, 21, S1-3, 11-13, 
JI, 4; lakes in Slovak Tatra Mts (CERNOSVITOV 1930), Kotlina Kłodzka I.B. (KASPRZAK 1973c), 
streams of Świętokrzyskie Mts (KAHL 1991). 


Cernosvitoviella tatrensis (KOWALEWSKI, 1914) 


Species mentioned from High Tatra Mts lakes (KOWALEWSKI 1914, MINKIEWICZ 1914), and 
fully described 3 years later (KOWALEWSKI 1917). Found in many lakes: from Teryański Wyżni L. 
(2124 m) to Toporowy Zadni L. (1089 m). On the Polish side of the Tatra Mts the highest location is 
in Zmarzły Staw L. below Zawrat Pass. Species characteristic of muddy bottoms of Tatra lakes 
where it is a dominant form among Oligochaeta, e.g. in Długi Staw L. (GALAS et al. 1996b), 
Dwoiste Stawki L. (KOWNACKI et al. 2000). Single specimens were also collected in the Raba R. 
(KASPRZAK & SZCZĘSNY 1974, KASPRZAK 1978b). Occurrence: T9-11, 13-17, $1, 3, 13; streams in 
Snieżnik Massif (HRABE 1937a). 

It was the author of the original description (KOWALEWSKI 1917), who first noted the variation 
of specimen size depending on the altitude of lakes and especially on water temperature (the lower 
the temperature the larger the specimens). However, he did not publish specific data. Although the 
preserved material was available the length of the body was not measured, but length of the setae in 
selected segments in 50 completely mature specimens allowed comparison of populations. 
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It was found that populations of C. tatrensis living in various water bodies differ in the length of 
setae. Specimens living in the Kościeliski S. had the shortest ones with a comparatively high vari- 
ance of their length (Table V), which was confirmed by a high coefficient of variation CV — from 
7.2 to 9.4. That population differs distinctly from all the remaining ones (p>0.001). Only for the 
population from the Klesnica S. the differences were smaller — at the level 0.05 (for setae of III and 
V segment). The population found in the Sudeten Mts in the Kleśnica S. characterized by the length 
of setae close to that found in specimens living in the Tatra lakes, only the third segment setae being 
considerably shorter. The length of setae in populations of C. tatrensis from all the Tatra lakes is 
similar. Especially populations living in Długi Staw L. and Dwoiste Stawy L. have an almost identi- 
cal length of setae, differing only in the III segment (p«0.05). The lowest values of CV (from 4.5 to 
5.6) were observed for specimens living in Dwoiste Stawy L. which indicates a relatively high ho- 
mogeneity of that population. Apart from the absolute length of setae, populations from the studied 
water bodies differ in the dimensions of setae in particular segments. The population of C. tatrensis 
from Siwe Stawki L. is characterized by the presence of distinctly shorter setae on the third seg- 
ment, while in the remaining ones the differences in their lengths were not statistically important. 
Most often the setae of the third III segment are the shortest of all those measured but in the popula- 
tion living in Długi Staw L. these setae are more or less of the same length as those of segments V 
and XV. As a rule the longest setae were encountered on the XII segment, but only for the Kleśnica 
S. population were the differences between lengths of the setae of that segment and the neighbour- 
ing ones measured (VIII and XV) were statistically important (p<0.05). The measurements carried 
out confirmed that the size of setae in populations living in different water bodies depends on the en- 
vironmental conditions, mainly altitude, whereas differences in setae length on particular segments 
in various populations suggest differences among populations. 


In the fundamental systematic review of the European species from the family Enchytraeidae 
(NIELSEN & CHRISTENSEN 1959) C. tatrensis was not taken into account, since its original descrip- 
tion (KOWALEWSKI 1917) as well as a reference to its occurrence in the Sudeten Mts (HRABÉ 1937a) 
were not easily accessible. Untill the 70-ties no new materials were collected since there were no 
studies conducted in the area of its presence. It was only when KASPRZAK (1978b) on the basis of 


Table V 


Cernosvitoviella tatrensis — characteristic of the populations living in various 
water bodies 


A 1 
A Kleśnica S. | Kościeliski S. | Siwe Stawki L. | Długi Staw L. | Dwoiste Stawy L. | 
setae (um). Sudeten Tatra Mts Tatra Mts Tatra Mts Tatra Mts 
In segment: s | 
Ro A © GAR 44,8 53,3 | 55,1 51,5 | 

sd 23 3,6 3,8 | 301 2.9 | 
| œv 6,5 8,0 WI 5,6 5.6 | 
V 54,0 48,1 59,6 56,7 56,2 | 
sd 4,3 4,5 2,9 | 2,9 2,9 | 
cv 5,0 9,3 4,9 5,1 52 | 
VIII 54,9 49,9 58,5 58,5 58.0 | 
sd 3.1 3,6 | 3,4 4,0 237, | 
KAŻ 5,6 11:2 | 5,8 6,8 4.6 
XII 57,1 51,7 59,4 58,9 57,8 | 
sd 2:7 3,8 2,9 34 | 3,1 
cv 4,7 73 | 4,9 5.8 | 5,4 
XV 55,8 41,9 58,7 | 55,8 | 55,8 
sd 2,7 4,5 2,7 3,1 | 2,5 
cv | 4,8 KOJ bel ihre be RG 2 E 4,5 
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material collected from the Raba R. (KASPRZAK & SZCZESNY 1976), published a comparison be- 
tween this species and other similar Cernosvitoviella species with a drawing of the spermathecae, 
which is reproduced in the literature (e.g. HEALY 1979). Specimens described by KASPRZAK were 
not fully mature, since they had not the final distension of the ampullae (Fig. 7B), which could be 
seen in KOWALEWSKI’s and other materials (Fig. 7A, C, D). A supplement to the diagnosis of this 
species and the appearance of fully developed spermathecae was published by MARTINEZ-ANSEMIL 
& COLLADO (1996) on the basis of the material from Długi Staw L. 


wy) 
SF L3 


M 
EB LZ ) na 


D 


Fig. 7. Cernosvitoviella tatrensis — shape of the spermatheca. A — after KOWALEWSKI 1917; B — after KASPRZAK 1978b; C 
— after MARTINEZ-ANSEMIL & COLLADO 1996; D — from Siwe Stawki L. 


Cernosvitoviella carpatica NIELSEN & CHRISTENSEN, 1959 


European species, in Poland known mainly from the southern part of the country: sector of the 
Nida R. close to the mouth (DUMNICKA 1978), Raba R. (KASPRZAK & SZCZESNY 1976), Biata 
Woda S. in Male Pieniny Mts (DUMNICKA 1982), and a spring in that valley (KASPRZAK 1979a), but 
found also on Wielkopolsko-Kujawska Lowland in swamp and peat soil (KASPRZAK 19782). Oc- 
currence: T1,4,7-9, 15, J1, 4. 
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Cernosvitoviella parviseta GADZINSKA, 1974 


Stygobiont, a very rare species, described from the swallow hole of the Zimna C. (GADZINSKA 
1974). The only numerous appearance was in the place of description where 67 mature specimens 
were captured once. This material was collected when the outflow from the swallow hole was 
blocked, resulting in the formation of a small pool there. A species found also in other caves in the 
Tatra Mts, in caves in the Sudeten Mts and in the material from wells located on Wysoczyzna Laska 
Upland, probably it has occur also in underground waters in Italy (C. c.f. parviseta, after GIANT et al. 
1995). Occurrence: T15, 17, S13, W3, 6. 

On the basis of specimens found in the caves and wells the description of C. parviseta was com- 
pleted: length of setae 15-22 um (in the original description about 15 um.), primary pharyngeal 
glands united dorsally, secondary glands nearly globular (Fig. 8A). Lymphocytes of two types: 
spindle-shaped and oval, the latter less numerous. Dorsal vessel originating in XIII or XIV. Sper- 
mathecal ampullae cylindrical, well separated from the ectal duct (Fig. 8B). Efferent duct at half- 
length widened, narrowing before the male pore, but this narrowing is sometimes invisible owing to 
the concentration of glandular cells (Fig. 8C). The population from the wells differs slightly from 
that from the Tatra Mts mainly in the dimensions of specimens and length of their setae. 


Fig. 8. Cernosvitoviella parviseta : A — arrangement of the pharyngeal glands and spermathecae; B — spermatheca; C — dis- 
tal end of the efferent duct 


C. parviseta together with C. aggtelekiensis (DOZSA-FARKAS 1970) and C. goodhui (HEALY 
1975) form a species complex (Table VI). C. parviseta is the only one species from that complex 
found in Poland. It is highly probable that the species included in that complex were separated rela- 
tively not long ago and two of them (C. aggtelekiensis and C. parviseta) colonized underground wa- 
ters. Differences occurring among these species are small but seem to be sufficient to retain their 
distinctiveness. Moreover, C. c.f. goodhui described by ROTA (1995), which in a few important de- 
tails differs from C. goodhui, seems to be one more species belonging to the discussed complex. In 
the case of such resembling species their separation requires additional studies, as was done for En- 
chytraeus buchholzi/christenseni complex (SCHMELZ et al. 1999), 


Buchholzia appendiculata (BUCHHOLTZ, 1862) 


Holarctic species, connected mainly with the terrestrial environment: soils of meadows and for- 
ests, and also peat and muck soils — in these habitats B. appendiculata is frequently the dominant 
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Table VI 
Comparison of taxonomic characteristic of Cernosvitoviella aggtelekiensis / spe- 
cies complex 
Si: C. aggtelekiensis| C. parviseta C. goodhui | C. c.f. goodhui 
Featune P DOZSA-FARKAS GADZINSKA HEALY ROTA 
1970 | 1974 1975 ] 995 
E = = 
No of segment 21-23 21-24 20-22 |19- 20 m. 
Setal formula 3,4,6-2-4 : 4+9-3,4.6 5+7-4,5:5+8-4,5 | 37-236 : 339-377 2+5-2+4:3+6-3>, gt a 
Lymphocytes spindle-shaped SRS KAD spindle- shaped spindle-shaped 
Dorsal vessel = XIV-XV Aar) XIII-XIV — TER QIX-XID —— 0 | 
| 2 pairs primary 2 pairs primary, 
R i 2 pairs of primary and | united dorsally united dorsally SPEC E TUS 
FEMI glands secondary 2 pairs secondary 2 pairs of secondary, lack odesenpton 
| almost globular nearly globular |= PÓZ 
cylindrical, collar as | Cylindrical, flattened, tapering 
Sperm funnel (shape) wide as funnel, some- collar as wide as funnel, | cylindrical entally to ectally, 

Lar cie times wider sometimes indistinct — | — z _| collar indistinct _ 
Sperm funnel (ratio length: width) 2.5-3 : 1 3 1 2 Sa 402 jte EXE 
Sneh duci 3-3.5 times as long as 2.5-3 times 3-5 times 

p E ix m | funnel longer than funnel as long as funnel ——|- LN S 
Width section of sperm duct 1/2 or more swollen 1/2 swollen 1/4 swollen 1/2 allen 
Seminal vesicles absent absent absent 
, some adjacent, more or | adjacent glands form a e hy e a 2-5 lobes at the ectal 
Male pore k 3 afr separate, irregular d 
less separated glands | ring or agglomeration orifice 
gland cells 
S uemidieoi ampulla oval, ectal duct | ampulla cylindrical, ectal AB | cu il si Lan tenet 
OPAC 2/3 thin, 1/3 thick duct 4/5 thin, 1/5 thick io CB 
small glands cells 
Reaching segment ALE | V, VI or V only V. Vl or bent into V ii 


taxon (KASPRZAK 1979a, 1982). It occurs also on the bottom of water bodies, especially small ones 
(KASPRZAK 1978a). Occurrence: T21, 54, 5, J4, 6; Slovak Tatra Mts (CERNOSVITOV 1930), soil in 
the spruce and beech forest (KASPRZAK 198 la). 


Bryodrilus ehlersi (UDE, 1892) 


Holarctic, soil species, in Poland common, but usually present in small numbers (KASPRZAK 
1986a). Found also at the bottom of small water bodies and marsh (KASPRZAK 1979a). Occurrence: 
S13; Tatra Mts (MOSZYNSKI & MOSZYNSKA 1957), Dziura C. (KASPRZAK & ZAJONC 1980). 


Cognettia sphagnetorum (VEJDOVSKY, 1877) 


Holarctic species common in Poland, in the aquatic environment most numerously present at the 
bottom of mountain streams where it can be one of the dominants, e.g. in Wolosatka S. in Bieszcza- 
dy Mts (DUMNICKA & KUKULA 1990) and in shore sediments (Pieniny Mts streams — KASPRZAK 
19792). Very frequent also in soils of different types (KASPRZAK 1986a) and in the litter of conifer- 
ous forests e.g. in pine forests formed from 67 to 99.7% of Enchytraeidae fauna (PILIPIUK 1993). 
Occurrence: T6, 7, 10-12, 15, $1, 3, 5, W5; Tatra Mts, Stawy Gasienicowe V. (MINKIEWICZ 1914), 
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Slovak Tatra Mts (CERNOSVITOV 1930), soil in the spruce forest (KASPRZAK 1981a), streams and 
Tvarozne Diry C. in the Śnieżnik Massif (HRABE 1937). 


Cognettia glandulosa (MICHAELSEN, 1888) 


Holarctic species, in Poland known mainly from the southern part of the country: Karkonosze 
Mts, Izerskie Mts (KASPRZAK 1976b), Bieszczady Mts (DUMNICKA & KUKUŁA 1990), but known 
also from Wielkopolsko-Kujawska Lowland (MOSZYNSKA 1962). Habitat requirements similar to 
these of C. sphagnetorum. Occurrence: T9, 11, 12, 19, $4; Tatra Mts, Dolina Stawów Gasieni- 
cowych V. (MINKIEWICZ 1914), Slovak Tatra Mts including Bystra R. (CERNOsVITOV 1930), 
stream in Śnieżnik Massif (HRABE 1937a). 


Cognettia anomala (CERNOSVITOV, 1928) 


European species till now known from only a few places: described from Eastern Carpathians 
Mts (CERNOsVITOV 1928), also found in Bieszczady Mts (Wołosatka S., Terebowiec S.) 
(DUMNICKA & KUKUŁA 1990) and in the soil of pine forests in Bory Tucholskie Forest (PILIPIUK 
1993). Occurrence: T10. 


Marionina argentea (MICHAELSEN, 1889) 


Holarctic species, in Poland common at the bottoms of water body throughout the country from 
the Baltic coastline (LEGEŻYŃSKI 1976), through lowland rivers, e.g. Wełna R. (KASPRZAK 1976a), 
heated lakes — on a sandy bottom overgrown by Głyceria aqualica (KASPRZAK 1977) to mountain 
streams: Kryniczanka S. (SZCZĘSNY 1974). Dwells also in soils of different types (KASPRZAK 
19862). Occurrence: T10, 15, 17-21, SI, 3, 5, 7, 11-13, J6, WI, 3; streams of Świętokrzyskie Mts 
(KAHL 1991). 


Marionina libra NIELSEN & CHRISTENSEN, 1959 


European species, in Poland known until now only from Warta R. and Cybina R. in Poznań 
(KASPRZAK 1986a). Occurrence: T12. 


Marionina riparia BRETSCHER, 1899 


European species, commonly found in Poland, mainly on the bottom of various water bodies 
from heated lakes (KASPRZAK 1977), through running waters of different level of pollution (KAHL 
1983) to montane streams: Wolosatka S. (DUMNICKA & KUKULA 1990), Kryniczanka S. 
(SZCZĘSNY 1974), present however also on the border of water bodies (Pieniny Mts — KASPRZAK 
19792) and in the terrestrial environment (pine woods — PILIPIUK 1993). Occurrence: T15-17, 20, 
S11-13, JI, 3, Kotlina Kłodzka 1.B. (KASPRZAK 1973c), Prądnik S. (KASPRZAK 1976c), running 
waters of Świętokrzyskie Mts (KAHL 1983, 1986, 1991). 


Enchytraeus buchholzi VEJDOVSKY, 1879 


Cosmopolitan species, in Poland common both in aquatic and terrestrial environment 
(KASPRZAK 1986a). It is a species with a very wide ecological range (NIELSEN % CHRISTENSEN 
1959). Occurrence: T10 -12, 14, 15, 17, 20, 21, S4 -6, 11, 13, J1, 6, 11, 6, W5-7. Śnieżnik Massif: 
adit (STAMMER 1936), Patzeltova C. (HRABE 1937a), Tatra Mts: Dziura C. (KASPRZAK & ZAJONC 
1980), soil in beech forest (KASPRZAK 1981a). 


Enchytraeus lacteus NIELSEN & CHRISTENSEN, 1961 


European species, in Poland known from a few localities: Pieniny Mts, soil in the Carpathian 
beech forest (KASPRZAK 1979a), Wielkopolsko-Kujawska Lowland (KASPRZAK 1986a). Occur- 
rence: I1, 2, W3, 5, 7. 
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Enchytraeus dominicae DUMNICKA, 1976 


Stygobiont, described from Nietoperzowa C. (DUMNICKA 1976b), till now known mainly from 
underground waters of Poland, probably found also in Italy (after GIANI et al. 1995, data presented 
in a poster). Lives at the bottom of cave water bodies and also in wet sediments. Mature specimens 
can be encountered throughout the year, e.g. in Nietoperzowa C., where thit species is present in 
large numbers (DUMNICKA 1981). Developmental cycle at a temperature of 7-9? C is short (cocoon 
incubation period — about 30 days, maturation period — about 90 days), comparable to that of other 
Enchytraeus species of the same size kept in low temperatures (DUMNICKA 1984). Lack of prolon- 
gation of life stages, which 1s characteristic for stygobionts, testifies that E. dominicae is a recent 
migrant to the underground environment. Occurrence: T12, 17, 20, 21, $6, 8, 11-13, J6-8, I1, 2, W3, 
5-7. 


E. dominicae closely related to E. buchholzi, seems to be the next species belonging to the spe- 
cies complex E. buchholzi/ E. christenseni (SCHMELZ et al. 1999). The combination of anatomical 
features, both somatic (shape of coelomocytes, shape and number of pharyngeal glands) as well as 
details ofthe structure of reproductive organs (especially the shape of spermathecae) permit separa- 
tion of these species. However, these species have high variability of distinguishing characters and 
interspecific differences are small. To decide on attribution to a given species within that species 
complex more profound studies are necessary, such as protein patterns and crossbreeding experi- 
ments, which will allow statement of their distinctiveness. The first steps in order to clarify taxo- 
nomic problems with E. buchholzi and related species were undertaken by SCHMELZ and 
co-workers (1999). However, their studies did not provide clear answers and need to be continued. 


Fridericia galba (HOFFMEISTER, 1843) 


European species, in Poland occurring mainly in soils of various types, but known also from 
shores of small water body and streams (Pieniny Mts — KASPRZAK 19792). Occurence: T10, S1; 
Niżne Tatra Mts (CERNOSVITOV 1930), Western Tatra Mts, soil in beech forest (KASPRZAK 1981a), 
Śnieżnik Massif, adit (STAMMER 1936). 


Fridericia bisetosa (LEVINSEN, 1884) 


European species, common in Poland, is frequently the dominant taxon in the soils of fields and 
meadows (KASPRZAK 1986a). In the aquatic environment rather rare. Occurence: T10; Niżne Tatra 
Mts, soils (CERNOSVITOV 1930). 


Fridericia bulbosa (ROSA, 1887) 


Cosmopolitan species, lives mainly in the soil but also found on the bottom of various water 
body, mainly rivers: Raba R. (KASPRZAK & SZCZĘSNY 1974), Nida R. (DUMNICKA 1978). Oc- 
curence: T10, 11, 21; Tatra Mts — Zakopane (MOSZYŃSKI & MOSZYŃSKA 1957), soil in beech forest 
(KASPRZAK 1981a). 


Fridericia alata NIELSEN & CHRISTENSEN, 1959 


European species, in Poland found till now in terrestrial environment both in lowland places 
(Wielkopolska Lowland — KASPRZAK 1986a) and in the mountains (Pieniny Mts — KASPRZAK 
1979a). Occurrence: S1, 6. 


Fridericia semisetosa DOZSA-FARKAS, 1970 


European species, till now known from a few locations. Described from Baradla C. (Hungary), 
where it was found in the decaying pieces of a wooden bridge (DÓZSA-FARKAS 1970). Found also in 
the litter of deciduous forest near Budapest (DOZSA-FARKAS 1970) and in the soil of fir forest and 
grassland in Pieniny Mts (KASPRZAK 19792). Occurrence: S4. 
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Fridericia tridiverticula KASPRZAK, 1972 


Species described from the soil of the park in the Zoological Garden in Poznan and known from 
locus typicus only (KASPRZAK 1972c) until it was found in the stream bottom in Snieznik Massif. 
Occurrence: S1. 


Fridericia dissimilis DUMNICKA, 1998 


Species described from a periodic spring no 2 (according to CIĘŻKOWSKI 1989) (DUMNICKA 
1998) and till now known only from locus typicus. Mature specimens were collected in May and 
September. 


In a few specimens 2 small appendages were found in the VI segment (Photo. 1), which feature 
was not included in the diagnosis of that species. Occurrence: S5. 


Photo 1. Fridericia dissimilis. — S — spermathecae; G — pharyngeal glands; A — appendages 


Henlea nasuta (EISEN, 1878) 


Holarctic species, common in Poland in the soils of forests and meadows, lives also in marsh 
soils and alluvial clays (KASPRZAK 19862) as well as on the bottom of small rivers: Wełna R. 
(KASPRZAK 19762), Brynica R. (DUMNICKA 1985), Lubrzanka R. (DUMNICKA 1978). Occurrence: 
T8, 17, S4; Niżne Tatra Mts (CERNOSVITOV 1930). 


Henlea perpusilla FRIEND, 1911 


Holarctic species, found as often in terrestrial habitats as in aquatic ones, in Poland known from 
many stations (KASPRZAK 1986a, DUMNICKA & KUKULA 1990). Occurrence: T17, 20, 21, $1,4, 5, 7. 
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Achaeta eiseni (VEJDOVSKY, 1877) 


Holarctic species, known almost exclusively from terrestrial habitats (soil of forests, meadows 
and fields) common in Poland (KASPRZAK 1986a). Occurrence J6; Niżne Tatra Mts (CERNOSVITOV 
1930). 


Achaeta bohemica (VEJDOVSKY, 1879) sensu NIELSEN & CHRISTENSEN 1959 


Species known from Europe and North Africa (ROTA & HEALY 1994) present mainly in the soils 
of deciduous and coniferous forests but noted also from the bottom of brooks and lake shores 
(KASPRZAK 1986a). Occurrence: S4, Śnieżnik Massif, Tvarozne Diry C. (HRABE 1937). 


Achaeta seminalis KASPRZAK, 1972 


Species originally described from the soil in the Zoological Garden in Poznan (KASPRZAK 
1972b), found also in Pieniny Mts (KASPRZAK 1979a), Gorce Mts, and Beskid Sadecki Mts 
(KASPRZAK 19862), where it occurred in terrestrial habitats and on the borders of water bodies. Oc- 
currence: S3. 


Lumbricidae 
Eiseniella tetraedra (SAVIGNY, 1826) 


Cosmopolitan species, common in Poland, present mainly on the borders of various water bod- 
ies and in wet soils (KASPRZAK 1986b). Occurrence: T10, S2, 4; a spring in Śnieżnik Massif (PAX & 
MASCHKE 1936), Tatra Mts — lower and upper alpine forest (KASPRZAK & ZAJONC 1980), Nizne 
Tatra Mts (CERNOSVITOV 1930), ponds near Kraków (SZARSKI 1947), Prądnik S. (KASPRZAK 
1976c), running waters of Swiętokrzyskie Mts (KAHL 1983, 1986, 1991). 


V. OLIGOCHAETE TAXOCENS OF THE STUDIED REGIONS 


] — Tatra Mts 


In the studied water bodies of this region 35 oligochaete species belonging to 7 families were 
found. Only in the benthos of High Tatra Mts streams the first dominant was the family Naididae 
(75.6% of taxocen) (Table VII), represented mainly by Nais variabilis. The second dominant was 
the representative of the Enchytraeidae family — Mesenchytraeus armatus, while the remaining 
taxa, among which there were both aquatic and soil species, were not numerous. In the studied 
springs the Naididae family was also important, constituting more than 22% of taxocen. 


In the majority of the studied waters Enchytraeidae were the most numerous, dominating both in 
the stream benthos (in Western Tatra Mts — 61.5% of taxocen while 22% in High Tatra Mts) and in 
underground waters. This family was especially numerously encountered in waters of the studied 
caves and in the interstitial waters of High Tatra Mts streams, where it accounted for 95.6% and 
91% of taxocen, respectively. In this last mentioned habitat the most numerous species was M. ar- 
matus, accompanied by Cernosvitoviella spp and Cognettia spp. On the limestone substratum in all 
the studied habitats, except for endogenic waters in the caves, P. volki (family Propappidae) was 
one of the important dominants (from 25% to 80% of taxocen). The family Lumbriculidae was more 
numerous in the interstitial waters of streams both in the High Tatra and in Western Tatra Mts 
(8%-10.6% of taxocen respectively). These were mainly juvenile forms from Trichodrilus genus 
while in the benthos of streams genera typical of epigean waters (Stylodrilus and Lumbriculus) were 
present. The remaining families (Haplotaxidae, Tubificidae and Lumbricidae) were represented by 
single taxa and a small number of specimens. The density of oligochaetes in the stream benthos 
ranged from several dozen specimens to a few thousand on m”, while locally (in fine sediments) it 
could reach nearly 20 thou. specimens on m.”. For some part of thecollected samples it was impos- 
sible to state the density because of the methodology applied (KOWNACKI 1971). 
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Table VII 
Percentage composition of oligochaete taxa in various water bodies in theTatra Mts 
WA WA Ko$cie- TCR ; Caves with | Caves with 
Taxon Tatra Tatra Nep liski Springs 
; liski S. |. running w. | stagnant w. 
streams | interst. w. interst. w. 
Lumbriculidae gen. spp. juv. [ 0.5 7.5 | 10.2 2.0 0.9 i 4.0 
Stylodrilus spp. juv. 0.5 0.5 
-= heringianus 0.5 0.3 
Lumbriculus variegatus 0.3 0.1 
| Stylodrilus brachystylus 0.1 
Trichodrilus cernosvitovi 0.4 
-= moravicus zil 0.4 
Enchytraeidae gen. spp. juv. 2.0 46.0 22.9 20.1 12517 4.33 397. 
Cernosvitoviella spp. juv. 1.1 YA 21:2 18.1 | 3.9 5.8 FN 
= tatrensis 0.1 2.0 1.6 0.7 2.9 129 0.4 
= atrata 0.1 2.0 li. tis 285 ME TEZO 185 
Cognettia spp. juv. 4.5 1.0 092] 1.8 0.3 
.— glandulosa 0.4 2.0 0.6 Za 0.4 
—  sphagnetorum 0.1 4.5 1.9 3.5 0.6 
Mesenchytraeus armatus 12.9 25.0 24 | 9.6 1.0 zi 
= spp. juv. 0.3 1 0.1 
Cernosvitoviella carpatica 0.2 0.3 
Henlea nasuta 0.1 0.4 | 
— spp. juv. 0.4 L 
Enchytraeus buchholzi 0.4 : LI 0.1 JE 4.8 " 
Fridericia bulbosa eż | AE 0.7 
Marionina spp. juv. 0.4 0.7 
= argentea 1 2.4 132 
Buchholzia spp. juv. = | 2.9 | 
Fridericia bisetosa 
— galba 
Cognettia anomala zi | 
Enchytraeus dominicae 0.4 6.2 
Buchholzia appendiculata 0.4 0.7 
Marionina libra 0.4 
Cernosvitoviella parviseta 0.6 | 8.4 
Marionina riparia 0.3 Les 
Henlea perpusilla 1.1 
Fridericia spp. juv 1 1.5 
— maculata | 0.7 
Propappus volki 0.1 | 35.4 25.4 51 | 80.3 
Tubificidae gen. spp. juv. WI 0.1 
Nais variabilis 70.7 | 0.2 isa | 
— communis 4.8 0.4 0.7 2.9 0.1 
— pseudobtusa 0.1 0.2 1 | 
— alpina 0.7 i04 
Chaetogaster distrophus 0.2 | 
= Sp. | all 0.1 
Nais bretscheri E - | 2 | 
— pardalis l 
Haplotaxis gordioides 02 | 0.7 1.1 1.3 
Lumbricidae gen. spp. juv. 0.4 
Eiseniella tetraedra ad | 0.2 | 0.4 
APHANONEURA 
Aeolosoma spp. | p. 
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In the caves with watercourses, apart from dominant P. volki and Enchytraeidae, the species 
from the family Naididae were present. They were not encountered in other types of cave waters. 
The composition of taxocens found in endogenous waters of Tatra Mts caves differs quite consid- 
erably among them (Table VIII). In Bandzioch C. soil forms had a high share (Buchholzia sp., Frid- 
ericia sp.), which most probably resulted from the localization of sampling sites in the upper parts 
of the cave, close to the earth surface. In the main gallery of Kasprowa Niznia C. oligochaetes were 
not found although samples were collected several times from various water bodies, while in lower 
parts Lumbriculidae dominated (40%). In the Zimna C. almost exclusively enchytraeids were pres- 
ent. Besides great differences in the composition of cave water taxocens, species widely distributed 
in this habitat were also found. One of them — M. argentea, was found in all caves. In almost all the 
studied caves representatives of two closely related species (E. buchholzi and E. dominicae) were 
found. In Tatra Mts waters 4 stygobionts: E. dominicae, C. parviseta, and T. moravicus were found 
in caves and T. cernosvitovi in the interstitial waters. 


In the studied caves the yield of oligochaetes was usually very small — from 1 (Kasprowa 
Niżnia C.) to 8 (Zimna C.) specimens in a sample (mean for all samples), and some 40% of collected 
samples were devoid of oligochaetes. 


There are some difficulties in precise statement ofthe number of species found in the Tatra Mts. 
Some species, found only in the Niznie Tatra Mts by CERNOSVITOV (1930) (e.g. Limnodrilus udeke- 
mianus), in subsequent papers were listed as Tatra Mts species. Including soil species from the fam- 
ily Enchytraeidae, whose presence was described also in the aquatic habitat, it may be stated that so 
far in Tatra Mts waters 56 species of oligochaetes have been found (CERNOSVITOV 1930, DUM- 
NICKA 19762, 1996c, DUMNICKA & WOJTAN 1989, HRABÉ 1939, 1940, 1942, KASPRZAK 1981a, 
KASPRZAK & ZAJONC 1980, KOWALEWSKI 1914, 1917, KOWNACKI et al. 1997, MINKIEWICZ 1914, 
VRANOVSKY et al. 1944, WIERZEJSKI 1881, 1883). Some of them were not found in the Polish part 
of the Tatra Mts (Tatriella slovenica, T. tatrensis, M. gaudens, A. limnobius and T. ignotus). The 
presence of some species is connected with an anthropogenic increase in water trophy or even pollu- 
tion, such as N. elinguis or N. simplex in the Rybi Potok S. below Morskie Oko mountain — shelter 
(DUMNICKA 19762). It seems that the list of species is not yet complete since some aquatic habitats 
(springs, marshes, streams of Western Tatra Mts, and some cave waters) have not been studied at 
all, or studied only at random. 


Table VIII 
Percentage composition of oligochaete taxa in the Tatra Mts caves 
Taxon Zimna C. | Kasprowa C. | Bandzioch C. | Miętusia C. | other caves 
Lumbriculidae gen. spp. juv. | 13) e 35.0 z Ac 6.2 
| Trichodrilus moravicus 5.0 JE E a 
Enchytraeidae gen. spp. juv. 24.0 25.0 52.8 so 63.8. 
Marionina argentea 11.0 | 5.0 10.9 27.5 17.5 
Enchytraeus dominicae 9.2 3.6 2.5 12.5 
= buchholzi 9:9 | 1.9 ` 10.0 > i 
Henlea perpusilla 0.6 | | 1.9 2.9 x 
Marionina riparia 18.9 50 
Cernosvitoviella spp. juv. 11.0 20.0 
Lm — atrata Ji 1.3 3.6 R 
— tatrensis 0.6 5.0 | 
z parviseta 14.9 
Fridericia spp. juv. 1.3 
Henlea nasuta 0.6 | 
Cognettia glandulosa 5.0 
Buchholzia sp. juv. 14.5 
— appendiculata | 3.6 
Fridericia maculata | 3.6 | 
— bulbosa 3.6 | 
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2 — Kłodzkie Sudeten Mts 


In the water bodies of this area a total of 35 species were found. In the benthos of the studied 
streams 20 species were found, Enchytraeidae predominating there (5796) (Table IX). Among ben- 
thic Naididae (39.4% in total) the most numerous were N. alpina and N. variabilis. This last- 
mentioned species dominated strongly in one of the studied springs (S10 — limnocrene called Pax's 
spring), where it formed 78.2% of the taxocen. It was accompanied by N. pseudobtusa, less numer- 


Table IX 
Percentage composition of oligochaete taxa in various water bodies in Kłodzkie 
Sudeten 
Taxon Streams | Interst. w. | Pax Spring. Springs Caves 
Stylodrilus spp. juv. 2.5 E | 0.2 
= parvus 0.7 
Lumbriculidae gen. spp. juv. 0.6 15:5 
Trichodrilus moravicus 2.0 
- pragensis 2:2 
Enchytraeidae gen. spp. juv. 13.7 24.5 0.5 58.6 40.9 
Cernosvitoviella spp. juv. 19.8 18.0 | 1.2 2.4 
EE atrata 8.8 10.0 1.4 
Marionina argentea 0.6 30.0 3: 14.0 
Cernosvitoviella tatrensis 3.8 10.0 1.0 
Mesenchytraeus armatus 4.3 0.6 5.0 
Cognettia sphagnetorum 1.4 3.0 22 
| Fridericia alata _ 2.1 1.7 
— — fridiverticula 0.7 
- galba 0.7 | R 
Henlea perpusilla 0.4 Ji 4.5 
Cognettia spp. juv. 0.7 JEŻ | 
Achaeta seminalis 0.6 
— Spp. " 0.6 
Enchytraeus dominicae 2.8 3.8 
: buchholzi NG 1.4 
Henlea nasuta 0.5 | 
Buchholzia appendiculata 8.8 
| Achaeta bohemica 0.5 
Cognettia glandulosa | | io 
| Fridericia semisetosa ri 0.5 
= dissimilis 4.5 4 
Henlea spp. juv. 0.5 
Marionina riparia | 6.5 
— Sp. 0.2 
Cernosvitoviella parviseta | 0.2 
Bryodrilus ehlersi 1.4 
Propappus volki jaa 0.5 
Rhyacodrilus falciformis | EX 
Tubificidae gen. spp. juv. 1.8 
Nais alpina 14.4 JE 1.5 IS 
— variabilis 11.3 78.2 
— pseudobtusa 9.8 Es 16.8 0.5 
Pristina idrensis 2.1 
— _ menoni 1.4 
Nais elinguis 0.4 R 
= communis 0.6 2.5 
Chaetogaster diastrophus 0.5 
Eiseniella tetraedra 0.4 0.5 | 
APHANONEURA | 
Aeolosoma spp. p. p. | 
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ously found in the benthos of streams. In the interstitial waters of the studied streams and remaining 
springs (no S4-S9) Enchytraeidae occurred almost exclusively, amounting to more than 97% of 
taxocens found in these environments. These taxocens differed in the structure of dominance. In the 
interstitial waters the first dominant was M. argentea, a species scarce in the benthos. In the springs 
the only dominants were juvenile Enchytraeidae, also more frequent were species having different 
habitat requirements, such as B. appendiculata and M. armatus. In cave waters, besides juvenile En- 
chytraeidae, juvenile Lumbriculidae, and M. argentea occurred numerously. 


The mean density of oligochaetes in the benthos of streams (during the studied period) was low 
and ranged from 660 specimens m” in Kleśnica S. to 1100 specimens m? in Gołodolnik S. 


Table X 
Percentage composition of oligochaete taxa in Kłodzkie Sudeten caves 
Taxon Radochowska C. | Niedźwiedzia C. Solna Jama C. 
Lumbriculidae gen. spp, juv. 1.1 209 i 252 j 
Trichodrilus moravicus 6.6 1.8 
— pragensis 44 ii so 
Stylodrilus sp. juv. 0.4 
Enchytraeidae gen. spp. juv. 60.4 5 264 JOSE 
Marionina riparia 11:9 3:5 2.3 
|'Enchytraeus dominicae 8.1 1.1 1.4 
Marionina argentea 4.9 15.3 m DES 
Cernosvitoviella spp. juv. 2:2 22 2.8 
-= atrata 2:2 d 22. DAP T 2 
| Enchytraeus buchholzi 22 3.3 M 
Cernosvitoviella tatrensis 2:7 
Bryodrilus ehlersi 3.8 3 2 
Cernosvitoviella parviseta 0.5 
Tubificidae gen. spp. juv. 9.9 
Rhacodrilus falciformis AE 2:2 n owa | 


In two of the studied caves, i.e. Niedźwiedzia C. and Solna Jama C., the structure of taxocens 
was highly diversified (Table X). In both these caves representatives of theTubificidae family were 
found — in Solna Jama C. — Rhyacodrilus falciformis, while in Niedźwiedzia C. except for that spe- 
cies, juvenile specimens with a different setal formula were found. In the last of the studied caves — 
Radochowska C., Enchytraeidae amounted to almost 99% of the taxocen, besides which only the 
presence of a few juvenile Lumbriculidae was found. Out of the four stygobionts E. dominicae oc- 
curred in all the caves, while 7. moravicus and T. pragensis in the two first ones, and C. parviseta in 
Radochowska C. only. 


In samples collected from the caves there were (on average) from 4 (Niedźwiedzia C.) to 18 
(Solna Jama C.) specimens of oligochaetes; the highest percentage of empty samples was found in 
Niedźwiedzia C. (39%), distinctly smaller in Radochowska C. (10%), while in all samples collected 
from Solna Jama C. the studied animals were present. 


Altogether 18 species of oligochaetes were known from Śnieżnik Massif waters (including 2 
species dubiae from the family Enchytraeidae) (HRABE 1937a, MASCHKE 1936, MOSZYŃSKI 1936, 
PAX & MASCHKE 1935, 1936, STAMMER 1936). The present author's own studies enlarged that list 
by 26 species, thus in waters of that Massif 44 oligochaete species were found, while taking into ac- 
count the fauna of Kotlina Kłodzka I.B. streams (KASPRZAK 1973c) that number risess to 50. Only 
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in the upper course of the streams did Enchytraeidae dominate and also Naididae, characteristic of 
clean waters (N. alpina, N. variabilis). On the other hand, in the Kotlina Kłodzka I.B. streams, en- 
riched with biogens from municipal and agricultural sewage, and also in the running waters of 
Western Sudeten, the most numerous were ubiquitous and well — tolerating water pollution species, 
although in that habitat Lumbriculidae (Lumbriculus and Stylodrilus) were also present (KASPRZAK 
1973b, c), and sometimes even numerously. 


3 — Olkuska Upland 


In the studied water bodies of this region 31 species of oligochaetes were found. In the benthos 
of the Saspówka S. Naididae dominated strongly, forming 6096 of taxocen among which the most 
numerous was Nais bretscheri (Table XI). The share ofthe two families, i.e. Tubificidae and Enchy- 
traeidae (represented mainly by juvenile specimens), was similar (21.6 and 16.5%). In the Prądnik 


Table XI 
Percentage composition of oligochaete taxa in various water bodies of Olkuska 
Upland 
Taxon Streams Springs Caves 
Lumbriculidae gen. spp. juv. 0.6 | Żal 
Stylodrilus spp. juv. 0.9 1.0 
Lumbriculus variegatus 2 0.2 
Enchytraeidae gen. spp. juv. T3 13.1 62.8 
Cernosvitoviella spp. juv. 3:5 17.2 
- atrata 3:2 4.1 
- carpatica 0.2 1.0 
Marionina riparia 0.2 2.0 
| Enchytraeus buchholzi Y: 2p 0.1 0.9 
Mesenchytraeus armatus z L 1.0 
| Fridericia spp. juv. zi 1.0 
Buchholzia appendiculata 1.0 0.9 
- spp. juv. JA 2] 
Marionina argentea 9.2 
_Enchytraeus dominicae > 9.2 
Achaeta spp. juv. : 33 
— eiseni 2.6 
Fridericia bulbosa 0.1 
| Propappus volki 0.1 2.0 
Tubificidae gen. sp. juv. 19.4 48.6 
Rhyacodrilus falciformis > 1.6 1.0 
Tubifex tubifex 0.5 1.0 
Epirodrilus pygmaeus 0.1 
Nais bretscheri 41.9 L 1.0 | 
— communis lt 1.6 3.0 
— pseudoptusa "b 0.6 2.0 
— pardalis 82 | 
— variabilis 3.0 
— alpina |» 2.2 
— elinguis 0.8 
Chaetogaster diastrophus 1.2 
Homochaeta naidina 0.1 
Amphichaeta leydigi | 0.1 
Stylaria lacustris | 0.1 
Pristina idrensis 0.1 
— amphibiotica 0.1 ji 
— spp. 0.1 
Vejdovskyella intermedia JA 0.9 | 
Haplotaxis gordioides DA 
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S., even in its non-polluted stretches, Tubificidae dominated in the oligochaete taxocen (mainly 
T. tubifex and L. hoffmeisteri) (KASPRZAK 1976c). In the studied springs that family also dominated. 
Enchytraeidae (40%) were the second dominant, the share of Naididae being small (6%). In cave 
waters Enchytraeidae formed 9494 of taxocen, being represented by juvenile specimens (about 
63%); among mature specimens the most numerous were: E. dominicae (found in all the studied 
caves) and M. argentea (found only in the Kryspinowska C.). 


The mean density of oligochaetes in the benthos of the Saspówka S. ranged from a few hundred 
specimens on m” in the upper course of the stream to about 2 thous. spec. m” in the middle course, 
while in the springs (where it was possible to take quantitative samples) it amounted to about 
| thous. spec. m^ 


Table XII 
Percentage composition of oligochaete taxa in Olkuska Upland caves 
Taxon Smocza Jama C. | Kryspinowska C. Maciwoda C. 
Lumbriculidae gen. spp. juv. — — 14.3 E JE = z c R33:3 
Enchytraeidae gen. spp. juv. AONE L 65.6 2:39:34. i 
Enchytraeus dominicae 7.1 8.6 ms 
— buchholzi 1.1 
Marionina argentea _ ' A E: | 10.7 r mas 
| Achaeta spp. juv. " a z" 2625 Pade TAR 
= eiseni 32 
Buchholzia sp. juv. | 3.2 
| — appendiculata — | Rz: ZEM BILA JA " = ki ah 
_Vejdovskyella intermedia eal ac age (ele pcr ee re | eee eee ree 
Haplotaxis gordioides 21:5 


Only a few species formed oligochaete fauna of the three analysed caves (Table XII). In all of 
them juvenile specimens of Enchytraeidae dominated, in the Smocza Jama C. a large share in the 
taxocen belonging to typically aquatic species, i.e. Haplotaxis gordioides (over 2096) and V. inter- 
media, not found in other caves of the Upland. The presence of Lumbriculidae (juvenile specimens 
with single pointed setae, probably Trichodrilus) was noted in two caves only (Smocza Jama C., 
Maciwody C.). In all the sudied caves E. dominicae was present, the only stygobiont on the Olkuska 
Upland. In the Kryspinowska C. soil taxa (Buchholzia, Achaeta) were present on the pool bottom. 

So far 57 oligochaete species (JAWOROWSKI 1893, SZARSKI 1947, KASPRZAK 1976c, 
DUMNICKA 1977a, 1977c, 1994b, DUMNICKA & KOWNACKI 1988, DUMNICKA & WOJTAN 1990) 
found in various water bodies (springs, streams, large river, fish ponds, underground waters) and 
with various levels of pollution were described from that area. This is why on such a small area spe- 
cies with distinctly different ecological needs were found. There is no doubt that the list of oligo- 
chaetes living in this region is incomplete, because the remaining parts of the Kraków-Wieluń 
Upland have not yet been studied. 


4 — Świętokrzyskie Mts 


In the studied caves of the Świętokrzyskie Mts only the representatives of the Enchytraeidae 
family were found, juvenile specimens forming 74.4% of taxocen (Table XIII). In Chelosiowa Jama 
C. the number of collected specimens was very small (on the average 1.3 per sample), percentage of 
empty samples being relatively high (35%). In the Raj C. the presence of oligochaetes was found in 
almost all samples, their number being on the average 4 specimens per sample. 
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Table XIII 
Percentage composition of oligochaete taxa in various subterranean waters in 
Świętokrzyskie Mts, Wysoczyzna Łaska Upland and Niecka Nidziańska Basin 
OE WA ; . | Skorocice | Skorocice | Siesławice 
Taxon krzyskie | near Grabia | Souterrains : 
ace ae eae epigean | hypogean | lakelet 
Lumbriculidae gen. "em 9.1 i 5 
Stylodrilus sp. juv. f 2.8 
Enchytraeidae gen. spp. juv. 74.4 71:2. 54.5 2.6 20 
Cernosvitoviella spp. juv. 9.3 1.3 | ip 
Enchytraeus buchholzi 2:9 2l 213 
- dominicae 4.7 12.4 
- lacteus | 9.3 | 3:5 
- mariae 9.] 
Marionina argentea — — li 3:8 E 
Cernosvitoviella parviseta be Ni j PS 
Achaeta sp. juv. 0.2 
Cognettia sphagnetorum 22028 E 
Tubificidae gen. spp. juv. 0.2 90.2 70.4 70 
Tubifex tubifex | 3.8 
- ignotus — č a d £ 3 0.4 1 
Nais elinguis | 2.8 18.5 
Pristina menoni ji i " E l 1.9 
Chaetogaster diaphanus a 0.8 
Amphichaeta leydigi 0.2 0.8 Ki 
Nais communis = | l R | 10 
- variabilis 0.4 | 
_Haplotaxis gordioides | Ut TRI OR : " E 
APHANONEURA | need 
Aeolosoma spp. | p. p. p. 


Taxocen with the predominance of Enchytraeidae and Lumbriculidae (mainly S. heringianus), 
was present only in the spring and forest parts of the Świętokrzyskie Mts streams (KAHL 1991, 
SZCZESNY 1990), while in their parts running through meadows, even with the absence of pollut- 
ants, Tubificidae took over dominancy, but not Naididae, as in streams and rivers of other mountain 
ranges. In the middle course of two rivers studied in the 70ties: Belnianka R. and Lubrzanka R. 
(DUMNICKA 1978) P. volki positively dominated forming about 42 and 56% of oligochaete taxocen 
there, respectively. The second dominant were juvenile Tubificidae (mainly Limnodrilus sp.). Fam- 
ily Naididae, although represented by the greatest number of species (27) formed only a few percent 
of taxocen. 


According to KAHL (1991), the list of species of oligochaetes from the Swietokrzyski region 
comprised 58 species (not taking into account 4 species from Aeolosoma genus, transferred to the 
newly established class Aphanoneura, and also 5 taxa of ectoparasits of crayfish (KAHL & 
WOJTAS 1974) from the old family Branchiobdellidae, separated from Oligochaeta into the dis- 
tinct order Branchiobdellida). Studies on underground waters added to that list 3 species from the 
family Enchytraeidae (E. lacteus, E. mariae and E. dominicae) (DUMNICKA & WOJTAN 1994, 
DUMNICKA 1996b). 
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5 — Niecka Nidzianska Basin 


In the gypsum karst waters the presence of poorly diversified oligochaete taxocens was found 
(Table XIII). In both surface and underground parts of the Skorocicki S. and in stagnant waters in 
Sieslawice the first and frequently only dominant were juvenile specimens from the family Tubifi- 
cidae (with hair setae), most probably T. tubifex. In the underground part of the Skorocicki S. N. 
elinguis also dominated and in Siesławice pools — juvenile Enchytraeidae. Near the spring of Skoro- 
cice S., besides Tubificidae juv. only a single taxon — N. communis occurred in the superficial sector 
and Lumbriculidae juv. inside the cave. Starting with 2 km of watercourse, the oligochaete taxocen 
became more diversified, 4-5 species from the family Naididae being noted. The densities of oligo- 
chaetes were distinctly lower in the underground parts of the stream (60 and 365 specimens per m 2) 
when compared with neighbouring surface stations (530 and 2070 specimens per m”). 


In the Niecka Nidziańska Basin studies on oligochaete fauna were carried out in the Biała Nida 
R. and Nida R. only. Even in the spring stretch of the Biata Nida R. the dominance of Tubificidae 
was observed (KAHL 1983), persisting on almost all the studied stations of both rivers (DUMNICKA 
1978, KAHL 1983). Naididae, represented mainly by N. elinguis, were most numerous only periodi- 
cally. 


From running waters of this region 50 oligochaete species have been known (DUMNICKA 1978, 
KAHL 1983); in the studied material only one new species for the area was found — N. variabilis 
(DUMNICKA & WOJTAN 1993). 


6 — Others — souterrains and non-karstic caves 


In the Mokra C. (Beskid Slaski Mts), although samples were taken several times in various sea- 
sons, no representatives of Oligochaeta were found. In the underground small quarries in the Beskid 
Niski Mts only juvenile specimens of two oligochaetes families: Enchytraeidae (about 91% of taxo- 
cen), and Lumbriculidae (the remainder) were found (Table XIII). Besides, the presence of Aphano- 
neura (Aeolosoma sp. probably A. niveum) was noted there. 


In the old copper mine, Miedzianka (Swietokrzyskie Mts), only enchytaeids were present, 
among which only 2 species from Enchytraeus genus were determined, not characteristic of caves. 


In the wells of the Grabia R. valley also Enchytraeidae strongly dominated. The stygobiontic 
species C. parviseta was also found there. Apart from enchytraeids, H. gordioides, Stylodrilus sp., 
and not numerous juvenile Tubificidae were found in these waters. These typically aquatic taxa 
were present in the wells located closest to the riverbed. The mean number of specimens per sample 
was 16, but differences among wells were great. The largest number of oligochaetes was collected 
from the oldest wells (WS and W7), indicating that they found favourable living conditions there. It 
is likely that in non-scoured wells sometimes the amount of organic matter deposited on the bottom 
increases and at the same time competition for food is small, since the presence of Crustacea was 
found in the 4 youngest wells only, these being located closest to the Grabia R. (KONOPACKA & 
JAZDZEWSKI 1996) while in these wells the number of Oligochaeta was the smallest. 


7 — The similarity of taxocens of various water types in the studied areas 


In the Tatra Mts the greatest similarity (Fig. 9) was found among taxocens inhabiting the bottom 
of streams in the Western Tatra Mts (D) and neighbouring interstitial waters (E), since taxa numer- 
ous in benthos (Cernosvitoviella, Propappus) dominated also in the interstitial waters. To that 
group of stations belongs also the remaining stations localized in the Western Tatra Mts: springs (G) 
and caves (H), as well as from the High Tatra Mts — stations on interstitial waters (C) (Fig. 9-I). 
Taxocens present in caves with flowing waters (F) and on the bottom of High Tatra Mts streams (B) 
differ considerably from all the remaining ones. In the High Tatra Mts the lack of similarity between 
oligochaete fauna of stream bottoms and their interstitial waters results from the dominance of 
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Fig. 9. Similarities of the studied water bodies. I — in Tatra Mts; II— in Kłodzkie Sudeten; III — in Olkuska Upland; IV — in 
streams of various regions; V — in springs of various regions; VI — in cave water bodies of various regions. High Tatra 
Mts: B — streams; C — interstitial waters; Western Tatra Mts: D — streams; E — interstitial waters; F — caves with stagnant 
waters; G —springs; H — caves with watercourses. Kłodzkie Sudeten Mts: I — streams; J — interstitial waters; K — Pax’ 
spring; L- other springs; M — caves. Olkuska Upland: N — streams; O — springs; P. — Caves. Underground waters: R — 
caves of Swietokrzyskie Mts; S —souterrains; T — wells. 


Naididae in the benthos and their almost complete absence in the interstitial waters. In Kłodzkie 
Sudeten the closest, however, with not a great similarity index, are taxocens inhabiting cave (M) 
and spring waters (L), as well as the bottom (1) and interstitial waters (J) of the streams. All the listed 
taxocens form a common group, whereas taxocen found in Pax spring (K) differs from them dis- 
tinctly (Fig. 9-II). 

The oligochaete taxocens inhabiting the studied waters of the Olkuska Upland differ considera- 
bly, this being shown using cluster analysis (the smallest distance 52.9 for stations in a stream (N) 
and in springs (O)) (Fig. 9-III). 

The studied streams differ among them in many features: they flow on various substrata (gran- 
ite, limestone), at different heights (from alt. 1540 m to 335 m), and their waters have different tro- 
phy levels — from extremely poor (High Tatra Mts) to eutrophic (Olkuska Upland). Therefore, 
recorded similarities among Oligochaeta taxocens are few (Fig. 9-IV). Proportionally the greatest 
number of common features are shown by taxocens of mountain streams flowing on carboniferous 
bedrock (D, I), which may be joined by Sąspówka S. (N) flowing through limestones of the Olkuska 
Upland. On the other hand, the greatest distance was found between taxocens of the High Tatra Mts 
(B) streams and the remaining ones. The type of substratum was revealed to be the most important 
factor controlling the composition and structure of oligochaete taxocens, for the arrangement of 
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similarities of taxocens depended on its kind. The kind of substratum, affecting water chemistry and 
the species composition of bottom algae (KWANDRANS 1993) is one of the factors affecting the 
composition of stream-living organisms, including Oligochaeta. At the same time, other factors de- 
cided the composition and structure of Oligochaeta fauna (temperature, water trophy), hence the 
similarity of taxocens is small. 


The similarity of the oligochaete fauna living in the studied springs was also very small (Fig. 
9-V). The comparison of oligochaete taxocens of the listed types of underground waters of the stud- 
ied regions showed strong similarities (Fig. 9- VI) thanks to the dominance of juvenile Enchytraei- 
dae in all these waters, abundance of M. argentea, and a few species from the genus Enchytraeus. 
Especially strong similarities were observed between taxocens found in the wells (T) and caves of 
neighbouring karstic areas, i.e. the Świętokrzyskie Mts (R) and Olkuska Upland (P), where oligo- 
chaete fauna was formed almost exclusively by Enchytraeidae, including many soil species. AI- 
though the number of species found and that of specimens per sample in the wells was distinctly 
greater than in similar natural cave water bodies, the similarity was considerable, because dominant 
taxa were the same. The fauna of endogenic stagnant water bodies in the studied caves of the Kłodz- 
kie Sudeten (M) and Western Tatra Mts (H) also shows many common features. Caves with flowing 
waters in the Niecka Nidziańska Basin (where contact of underground waters with surface waters is 
undisturbed — Skorocicki S.) and in the Tatra Mts (where this contact was disturbed only to some de- 
gree, e.g. the stream flowing through Wodna C.) form a completely distinct group. Taxocens of sur- 
face and underground stream stretches differ only slightly (DUMNICKA & WOJTAN 1993, DUM- 
NICKA & GALAS 1997). 


VI. DISTRIBUTION OF APHANONEURA AND POLYCHAETA 
PRESENT IN THE STUDIED WATERS 


| — Aphanoneura 


In the studied surface waters Aphanoneura were found only in one spring in the Tatra Mts and in 
the Śnieżnik Kłodzki Massif, where they occurred sparsely in the benthos of the Kleśnica S. Al- 
though among Aphanoneura there are genera and species living almost exclusively in the interstitial 
waters (JUGET & DUMNICKA 1986) and one species was described from cave waters in France 
(JUGET 1959), in the underground waters of Poland these invertebrates are relatively rarely encoun- 
tered. Among studied underground water bodies only in the Świętokrzyskie Mts caves and in one of 
the quarries in the Beskid Niski Mts (Station I7) a temporal, massive appearance of Aphanoneura 
from the genus Aeolosoma was observed. Only A. tenebrarum and A. niveum were determined — 
species occurring mainly in stagnant surface waters (KASPRZAK 1981b). Besides, single specimens 
of Aeolosoma sp. were found in the wells near the Grabia R. and in interstitial waters of a stream in 
the Snieznik Massif. It is not easy to explain how these strictly aquatic species could find their way 
into cave waters of the Swietokrzyskie Mts and underground waters of a quarry in the Beskid Niski 
Mts. All these water bodies are located above groundwater level and are fed by percolating waters. 
Probably Aphanoneura must have been introduced there by people or animals visiting the caves — 
together with water for acetylene lamps and mud etcetera. 


2 — Polychaeta 


Troglochaetus beranecki DELACHAUX is the only stygobiontic inhabitant of the interstitial wa- 
ters belonging to Polychaeta, family Nerillidae (earlier classified as Archiannelida), found in Po- 
land exclusively in the waters of Na Rogózce C. and in the Radochowska C. (STAMMER 1937). 
Troglochaetus is known from Western Europe, Middle Europe (HARTMANN-SCHRÓDER 1986), 
North America: Colorado (PENNAK & WARD 1986), New Hampshire, Ohio, and Pennsylvania 
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(STRAYER et al. 1995), and has recently been found in Italy (MORSELLI et al. 1995) and Northern 
Europe (Finland) (SARKKA & MAKELA 1998). It occurs in the interstitial waters both of montane 
streams (Alps) (TILZER 1968) and large rivers (Upper Rhóne, Rhine, Weser, Elbe, Oder, Danube) 
(HARTMANN-SCHRÓDER 1986). It may be one of the dominant taxa in that environment (TILZER 
1973, PENNAK & WARD 1986) but frequently only single specimens are collected, e.g. in esker 
groundwater of Finland — 1 specimen per m of pumped water. It is also known from cave waters in- 
cluding interstitial waters of cave water bodies (PLESA 1977). TILZER (1973) suggested that recent 
distribution of this species, and also other stygobiontic species, may be more easily explained by 
their ecological requirements than by paleogeographical changes in the regions considered. This 
suggestion may be especially apt in the case of species living in the interstitial waters. These species 
may very easily migrate within the catchment area, unless stopped by certain barriers, e.g. contami- 
nation or strong water pollution, and, using permanent groundwater level, probably may even cross 
watersheds. The survival of T. beranecki in subglacial refugia (especially in Finland) or reintroduc- 
tion after the last glaciation period with wind or by waterfowl (SARKKA & MAKELA 1998) should 
not be excluded. Therefore, their present distribution depends mainly on favourable environmental 
living conditions. During the author's studies on underground waters in the Kłodzkie Sudeten, de- 
spite taking samples several times, she could not retrieve T. beranecki from Radochowska C. 
STAMMER (1937) took samples five times in the same cave and in three cases found that interesting 
species, which indicates that in the 30-ies T. beranecki was not rare. The lack of Troglochaetus in 
samples collected in the 90-ties may reflect a decrease in its number, or even the extinction ofa local 
population in this cave. Extinction might have been caused by water pollution or some another dis- 
aster, and because of isolation of Radochowska C. waters from the permanent water level (PULINA 
1996) recolonization is highly unlikely. The second location in the Sudeten, where this species was 
found, i.e. Na Rogózce C., was destroyed during exploitation of the quarry (PULINA 1996). Further 
studies in the Snieznik Massif are needed to confirm the possibility of the current presence of 7. ber- 
anecki in Poland. 


VII. DISCUSSION 


Although oligochaetes are an important component of benthic communities in montane streams, 
this is a group rarely studied in waters of that type and their biogeographic patterns remain to be elu- 
cidated (WARD 1994). On the basis of personal materials and available literature, a comparison of 
oligochaete taxocens of montane and submontane streams of Poland was made and preliminary 
categorisation on 3 groups of streams was proposed (DUMNICKA 1994a). The elaboration of addi- 
tional materials from the Snieznik Massif and Western Tatra Mts streams, besides the employment 
of a few papers dealing with oligochaete fauna from various mountain ranges in Europe, permitted 
complementation of this classification and the distinction of 4 groups of montane streams. 


1 — Streams with dominance of Enchytraeidae 


In the montane streams originating from springs of reo- and helocrene type starting at various al- 
titudes (from 700 m to almost 2000 m), as a rule the most numerous are representatives of the family 
Enchytraeidae: Tatra Mts — Bela R. and its tributaries ( SPORKA 1982), a stream from the Pod Chłop- 
kiem Pass, Kościeliski S.; Sudeten — Kleśnica S., Gołodolnik S.; West Carpathian Mts — Raba R. 
(except for the station near the spring) (KASPRZAK & SZCZESNY 1976), some pyreneean streams 
(GIANI & LAVANDIER 1977), and also a small stream in the farthest — southeast of Russia (TIMM 
1994). Among enchytraeids species, living in the discussed environment, a few ecological types can 
be identified. The first one is represented by genus Cernosvitoviella: almost exclusively living in 
aquatic environments, but present also in wet habitats such as acid bog and marsh (HEALY 1979, 
ROTA 1995). Species from that genus have an important share in oligochaete fauna present in mon- 
tane waters of various regions where they may form even up to 40% of taxocen: e.g. in Kościeliski 
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S., or Far East Russian streams (TIMM 1999b). Their geographical distribution is varied: from spe- 
cies bound to one massif such as C. estaragniensis (GIANI 1979b) — Pyrenees, C. pensau — Sikhote- 
Alin Mts, East Asia (TIMM 1994, 1999b) to species with a far broader range — C. bulboducta — small 
streams and the upper courses of rivers in North Portugal and Galicia (MARTINEZ-ANSEMIL & 
COLLADO 1996), C. tatrensis — West Carpathian Mts and Sudeten. Only a few species are widely 
distributed and occur in waters of different types; here can be ascribed C. atrata and C. carpatica. 
Genus Cernosvitoviella is monophyletic, even young specimens being easily distinguished on the 
genus level (HEALY 1979); among all Enchytraeidae this genus is the most closely connected with 
the aquatic environment. 


The second ecological type is represented by the semi-aquatic genera Mesenchytraeus and 
Cognettia. The most common species from the two genera (M. armatus, C. sphagnetorum, C. glan- 
dulosa) live mainly in acidified environments, both in soils and water bodies, but can be spotted also 
in habitats with neutral pH. Genera characteristic of cold and temperate regions of the northern 
hemisphere: genus Mesenchytraeus has its present centre of distribution in the northern region of 
the western Nearctic and eastern Paleartic, and genus Cognettia in the palearctic cold regions 
(HEALY 1996). | 


The third group of enchytraeids living in montane waters is formed by species from soil genera 
which most probably secondarily invaded the aquatic environment, or may sustain being periodi- 
cally submerged, but are equally frequently encountered in the soil (especially a wet one). Here be- 
long: Marionina argentea, M. riparia and Enchytraeus buchholzi, and also Fridericia perrieri, or 
Henlea perpusilla, which prefer wet soils (HEALY & BOLGER 1984), which is why they may be es- 
pecially frequently spotted in small water bodies. As a rule, these species have a wide geographical 
range although one may presume that human activity contributed to their cosmopolitan distribution. 
Easy contact with surrounding soils and frequent changes in water level in the montane streams re- 
sults in the abundant appearance of soil species in the aquatic environment. Accumulation of the or- 
ganic matter in the border alluvia creates favourable conditions for many Enchytraeidae species. 


2 — Streams with dominance of Lumbriculidae 


In some streams rising from springs located at various altitudes: from 2370 m in the Pyrenees 
(GIANI & LAVANDIER 1977) to 350 m in the Świętokrzyskie Mts Lumbriculidae are the most nu- 
merous. Very often these are common species (L. variegatus, S. heringianus), characteristic of 
streams with low pH (KAHL 1983, 1986, KASPRZAK 1976b), but numerous occurrence of S. bra- 
chystylus was also found in the Western Sudeten (KASPRZAK 1976b), S. parvus in the Bieszczady 
Mts (DUMNICKA & KUKULA 1990), or Trichodrilus macroporophorus in the Pyrenees (GIANI & 
LAVANDIER 1977). In the majority of streams with the dominance of Lumbriculidae the bottom was 
formed by pebbles, gravel, and sand but $. parvus occurred numerously in a stream with stony bot- 
tom (DUMNICKA & KUKULA 1990). According to LAFONT et al. (1992), the latter species is charac- 
teristic of streams with active exchange of water between river and aquifer. Besides, Lumbriculidae 
usually constitute an important percentage of oligochaete taxocen in the streams with Enchytraei- 
dae dominance, e.g. in the studied streams of the High and Western Tatra Mts and in the Bela R. 
(SPORKA 1982). Existing data on the distribution of Lumbriculidae species (except for the most 
common ones) in the montane streams are random and incomplete. Concomitantly, species usually 
found in streams may live in completely different habitats, e.g. Stylodrilus parvus — in the coastal 
area of the Caspian Sea (CHEKANOVSKAYA 1962). Without the knowledge concerning ecological 
requirements, present distribution, and history of that family it is hard to define factors decisively 
concerning the dominance of lumbriculids rather than enchytraeids in some high montane streams. 
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3 — Streams with dominance of Naididae 


So far, numerous occurrence of species from the Naididae family have been described only in 
those high montane streams that originate from lakes in the High Tatra Mts and in the Karkonosze 
Mts (Lomnica S. leg. J. KWANDRANS) or from limnocrenes (e.g. in the Snieznik Massif and in the 
Gorce Mts), where in lakes and limnocrene springs the same Naididae species were dominants. 
Most frequently it was Nais variabilis, sometimes substituted by N. communis (KASPRZAK & 
SZCZESNY 1976). It seems that in the mountains of alpine type stagnant water bodies are the main 
site of their presence and from there Naididae are passively transported into the streams. Such a 
source of naidids may be inferred from their most numerous presence at stations located closest to 
the outflow (KASPRZAK & SZCZESNY 1976, KOWNACKI et al. 1997), and also by their small share in 
taxocens of streams starting from reocrenes. In submontane streams and rivers as well as in the kar- 
stic streams such as Saspówka S., Naididae — represented manly by N. alpina, N. bretscheri and N. 
pardalis in clean waters and by N. elinguis and N. barbata in eutrophicated ones form the dominant 
oligochaete group (DRATNAL et al. 1979, KASPRZAK & SZCZESNY 1976, DUMNICKA 1982, 1987 
and other papers). 


4 — Streams with dominance of Propappus volki 


The family Propappidae seldom dominates in the montane streams. Among those studied only 
in the Western Tatra Mts did P. vo/ki amount to over 20% of taxocen. TIMM (1994) found numerous 
appearance of another species from that genus (P. arhynchotus) in an East Asian high mountain 
stream. P. volki is a species characteristic of streams and rivers of various size having a sandy or 
sandy-gravel bottom (FOMENKO 1972, BIRD 1982). It seems that water chemistry is also important — 
P. volki abounds in slightly alkaline waters with high calcium content (DUMNICKA & PASTERNAK 
1978, BIRD 1982), which is why it was plentiful in the stream below the cave and also inside it 
(DUMNICKA & WOJTAN 1989, DUMNICKA & GALAS 1997). 


5 — Springs 


The oligochaete fauna of springs in Poland is insufficiently known. There are hardly any papers 
devoted exclusively to oligochaete taxocens of that environment. The spring zone was taken into 
account in studies only on a few running waters: Raba R. (KASPRZAK & SZCZESNY 1976), streams 
in the Małe Pieniny Mts (KASPRZAK 1979a, 1979b), and the Swietokrzyskie Mts (KAHL 1991). Ma- 
terials collected in 13 springs in 3 geographical regions (Tables I, II, IIT) considerably enlarged the 
knowledge on the composition and structure of Oligochaeta taxocens of montane region springs and 
of Olkuska Upland. The composition of spring oligochaete fauna depends mainly on its type (reo- 
limno- or helocrene), and also from the altitude and water trophy. 


In small montane springs of the reocrene type (Stations S4-S10, J2-J4) Enchytraeidae domi- 
nate, similarly as in helocrenes. The latter type of spring was little studied in Poland but on the basis 
of papers from other European regions (HEALY 1979, ROTA 1995) it may be stated that also in he- 
locrenes Enchytraeidae are typical representatives of Oligochaeta. In montane limnocrenes Naidi- 
dae (N. variabilis or N. communis) predominated (Station $10, springs ofthe Raba R. (KASPRZAK & 
SZCZĘSNY 1976) and Biały Potok S. (KASPRZAK 1979b)). In the Lodowe źródło spring in the 
Kościeliska V. (Western Tatra Mts) P. volki was abundant, similarly as in the Kościeliski S., which 
is fed by this spring. Temporarily P. volki was numerous also in the vicinity of outflows in one of 
the limnocrenes of Niebieskie źródła near Tomaszów Mazowiecki (KAHL 2000). In all the studied 
springs located on the Olkuska Upland, including the Jordan spring (Ściborzyce village, Dłubnia R. 
valley, in the same geographical region, leg. B. SZCZĘSNY) Tubificidae dominated, similarly as in 
the already-mentioned Niebieskie źródła springs (KAHL 2000). In the last study season in these 
springs S. Jacustris was numerous. Collected data show that in limnocrenes the composition of taxo- 
cen largely depends on the character of the bottom deposit, altitude not being so important. When 
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muddy deposits prevail Tubificidae are most numerous, among them Pothamotrix hammoniensis, 
Rhyacodrilus coccineus, as well as Spirosperma ferox and Aulodrilus pluriseta (Jordan spring, Ści- 
borzyce), on sand — P. volki, and among filamentous algae — Naididae. In small springs of limno- 
crene type the share of Enchytraeidae is usually high (about 20-30%). 


Applying the method ofa net left for the night on reocrene outflows the presence of stygobiontic 
Amphipoda from the Niphargus genus (SKALSKI, personal inf. and author's studies) was found. On 
the other hand, so far stygobiontic Oligochaeta could not be caught with this method. High velocity 
ofthe water outflow frequently occurring in springs of this type leads to animals being carried away 
from underground waters. Amphipods live in larger crevices, where water flows faster hence they 
may be washed out more easily. Perhaps these animals may also actively migrate towards the sur- 
face, especially at night. The absence of Oligochaeta in the outflows of reocrenes does not mean that 
they are absent in the fissure water environment. Possibly oligochaetes live in places with slower 
water flow, since they actively avoid places where they could be prone to being washed out. In run- 
ning surface waters they usually account for a far smaller percentage in drifting fauna when com- 
pared with their share in benthic fauna (ARMITAGE 1977, FLEITUCH 1985, DUMNICKA 1996a), this 
indicating that they actively protect themselves from being washed out from sediments. 


6 — Interstitial waters 


The notion 'interstitial fauna” refers to invertebrates inhabiting small spaces between sand and 
gravel particles. This is a broad notion since it encompasses not only fauna of waters in alluvial sedi- 
ments and of hyporeic waters (under the stream bottom), but partially also truely phreatic water 
fauna. Samples from that environment can be collected using various techniques: the Karaman- 
Chappuis method (BOTEA 1963, KASPRZAK 1973a, TILZER 1968, applied in these studies), Bou- 
Rouch pump (JUGET 1984, PENNAK & WARD 1986), freeze-core pipes (BRETSCHKO & KLEMENS 
1986, BRETSCHKO 1990) or artificial substratum (MATHIEU et al. 1991). Since such different meth- 
ods are used and samples are collected from various habitats inhabited by interstitial fauna, caution 
is necessary when comparing results obtained by different authors, mainly those concerning fauna 
density in this habitat but also of species composition. In interstitial waters of the majority of studied 
Tatra Mts and Kłodzkie Sudeten streams a large share in the taxocen was composed of benthic spe- 
cies, hence the similarities of taxocens of these two habitats were usually high (especially in the 
Western Tatra Mts, slightly smaller in Sudeten streams). In the High Tatra Mts this rule was not 
valid, N. variabilis, dominating in the benthos, in the interstitial waters amounted to only 1% of 
taxocen. In hyporeic waters of alpine streams (TILZER 1968), Enchytraeidae dominated (unfortu- 
nately not classified), similarly as in the studied interstitial waters. In lower parts of alpine streams 
P. volki was numerous, Lumbriculidae (Stylodrilus and Trichodrilus) also had a large share. In in- 
terstitial waters of submontane streams and rivers of Southern Poland two species of Naididae 
dominated, i.e. Pristinella menoni and Pristina aequiseta form foreli, accompanied by Tubificidae 
juv. (KASPRZAK 1973a). These taxa constitute a modest percentage among benthic oligochaetes of 
these stretches of streams and submontane rivers, although locally, near the shore, they may be 
more numerous. The contribution of Enchytraeidae was distinctly smaller than in interstitial waters 
of high montane streams since that family formed only about 11% of taxocen. Among Lumbriculi- 
dae, similarly as in montane streams, juvenile specimens prevailed, which would involve Tri- 
chodrilus genus, rich in species characteristic of underground waters. The list of species comprises 
as many as 36 entries but these are summed up data from a few streams and rivers from the Sudeten 
Mts to the Bieszczady Mts (KASPRZAK 1973a). In a few papers concerning Oligochaeta from inter- 
stitial waters of submontane running waters of Rumania (BOTEA 1963, 1966, 1975) that author re- 
ported the dominance of Naididae in these waters, mainly from the genera Pristina and Nais, both 
represented by a few species. Enchytraeidae were also numerous and among Lumbriculidae he 
found a large number of S. heringianus, individual Rhynchelmis sp., and only one stygobiontic spe- 
cies — Trichodrilus pragensis. In the material collected in Colorado S. (alt. about 1800 m) from hy- 
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poreic and phreatic waters located near the stream bed and at some distance from it (PENNAK & 
WARD 1986) Oligochaeta (Nais communis, Lumbricillus sp. and Lumbriculidae juv. almost exclu- 
sively) were most numerous in hyporeic waters, in the remaining ones only 3 or 2 out of listed taxa 
being present, and not many specimens. Benthic and interstitial oligochaete fauna from the alluvial 
plain of the French Upper Rhóne R. is very well known (JUGET 1984, 1987, JUGET & LAFONT 
1994). Here the species diversity of this group of animals was high and rich stygobiontic fauna 
(from the families Tubificidae, Lumbriculidae and Dorydrilidae) were found. In the interstitial wa- 
ters of the lowland Wełna R. Tubificidae, represented by common taxa, formed more than 99% of 
taxocen (KASPRZAK 1975), the rest belonging to Naididae and Enchytraeidae. 


The number of species found in the interstitial waters is usually lower than that in the benthos of 
the same stream or river stretch and varies depending on the site and the depth from which samples 
were collected from over 20 (Rhóne R., JUGET 1984) to only a few species (Colorado S., PENNAK & 
WARD 1986). 


Interstitial waters are a zone of joint presence of oligochaete species from surface waters or soils 
and stygobionts (POP 1971). It was found that Oligochaeta are most numerous in the interstitial 
sediments with small particles — particle size 0.5-1 mm (TILZER 1968), 0.5-2 mm (BOTEA 1975). 
Taxa typical of surface waters are represented by the greatest number of species and specimens. The 
interstitial waters of the Wełna R. are an extreme example, since only species of this kind were pres- 
ent there. Some benthic species (stygophile ones) prefer interstitial waters since their share in taxo- 
cens of this environment is as a rule higher than in the benthos and they are characterised by a 
relatively high stability of presence in these waters. Among stygophile species two ecological types 
were distinguished — the first comprises species of small size, belonging to various families (from 
genera Pristina, Pristinella, Nais, Cernosvitoviella, P. volki, and Marionina argentea), which are 
most frequently encountered in small particle-sediments. From Pristinella and Pristina genera, in 
the interstitial waters, there are species characteristic of a given geographical region — Pristinella 
menoni, P. aequiseta form foreli and others (KASPRZAK 1973a, POP 1974) in Europe, while P. 
jenkinae in eastern USA (STRAYER & BANNON-O'DONNELL 1988). Some of the stygophile species 
(e.g. P. volki) are more numerous in the deeper zone in comparison with the surface of sediment in 
the stream bed (DUMNICKA & GALAS 1997), which facilitates their penetration into the interstitial 
waters. According to LAFONT et al. (1992), the occurrence of the majority of taxa mentioned above 
attests to active exchange between river waters and the aquifer. Exchange of water affects life con- 
ditions in the interstitial environment by increase in its oxygenation and also in food supply. Per- 
haps some of these ecological factors or others, such as smaller competition for place and food or an 
attempt to avoid predators, are decisive as to the preference of the mentioned taxa towards the envi- 
ronment of interstitial waters. Not all species can so easily move into interstitial waters — e.g. N. 
variabilis, a species dominating in the benthos of High Tatra Mts streams, did not colonize neigh- 
bouring interstitial waters. In this case probably coarse-grained interstitial sediment and low water 
temperature were factors limiting the inhabitation of these waters. Moreover, in a simple bioceno- 
sis, as that found in High Tatra Mts streams (KAWECKA et al. 1971), predator pressure may be slight 
and there is little competition for food, therefore N. variabilis is encountered almost exclusively in 
the benthos. To the second ecological type belong cold, stenothermic species, of relatively high di- 
mensions (Haplotaxis gordioides and Stylodrilus spp.), which prefer the interstitial water environ- 
ment because of more favourable temperature. 


Stygobiontic Oligochaeta species found in interstitial waters belong to different families; their 
number in the waters of a given running water is not high and ranges from 0 (Wetna R.) to 5-6 
(Rhóne R.). In the interstitial waters of montane and submontane streams of Poland from 1 to 3 spe- 
cies belonging to the families Lumbriculidae and Enchytraeidae were found most frequently. The 
number of stygobionts mainly depends on the hydrological situation in the studied stretch of run- 
ning waters, and most importantly on the kind of water flow — surface or subterranean (DOLE — 
OLIVIER & MARMONIER 1992), which changes according to the water level in the river. Through in- 
terstitial waters the flow of water is possible into three directions: infiltration from the river bed, ex- 
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filtration from subterranean waters into the river, and horizontal advection (BRUNKE & GONSER 
1999). In the studied interstitial waters, as in the majority of natural riverbeds, the direction of flow 
changes throughout the year, therefore with low water levels in a river and underground feeding 
there are more stygobionts and stygophiles in the interstitial waters. In high water periods infiltra- 
tion from river to alluvial plain occurs, and with the water benthic species reach interstitial waters, 
which can be treated as a refuge allowing many of them to survive. In cases of special configuration 
of the riverbed the flowpath is constant, e.g. in the studied stretch of the Tóss R., Switzerland 
(BRUNKE & GONSER 1999) or the Rhóne R. France (DOLE-OLIVIER & MARMONIER 1992), which 
promotes stabilization of the composition of invertebrate communities in the interstitial waters. The 
number and composition of stygobiontic oligochaete species of interstitial waters depends also on 
the geographical region and the kind of substratum on which the river flows: aquifer of karstic areas 
is as a rule richer in stygobionts than aquifer of other kinds of terrain (JUGET & DUMNICKA 1986). 


7 — Water bodies in caves and souterrains 


In cave water bodies, and also in cave sediments, the majority of oligochaete species found are 
common, ubiquitous forms which was noted even during initial cataloguing (CERNOSVITOV 1939). 
These are mainly stygophile species, which usually form the prevailing part of the taxocen. Sty- 
goxenic and stygobiontic species in cave waters form at most a few percent of oligochaete fauna, 
whereas among other systematic groups present there stygobionts prevail (SKALSKI 1994). An espe- 
cially large number of stygophile and stygoxenic species has been found in caves with watercourses 
of surface streams. Among studied caves with this type of waters Tubificidae dominated only in the 
Skorocicki S. and in souterrains which had direct contact with the Wełtawa R. waters (DUMNICKA 
1996b), like in the neighbouring surface stretches of these running waters. In all caves with water- 
courses, similarly as in interstitial waters, Naididae were found, this being the next proof of the pos- 
sibility of their existence in the environment of underground waters. Lower densities of 
oligochaetes in underground parts of the stream in Skorocice as well as in the Tatra Mts seem to be 
correlated with a decreased amount of organic matter in stream deposits inside the caves, this hav- 
ing been observed in both these cases (DUMNICKA & WOJTAN 1993, GALAS & DUMNICKA 1998). 


In endogenous cave water bodies stygophile species only from the family Enchytraeidae are 
present, most numerously the same as those found in interstitial waters: Marionina argentea, M. ri- 
paria and Enchytraeus buchholzi. In these waters there are neither Naididae nor P. volki — species 
characteristic of interstitial waters. 


Oligochaetes may infiltrate from the river bottom not only into the interstitial waters but through 
them into the cave waters, this having been observed in Smocza Jama C. In this cave Vejdovskyella 
intermedia and Haplotaxis gordioides were found. In the benthos of the Vistula R. these species are 
currently absent owing to a too high pollution level (DUMNICKA & KOWNACKI 1988), therefore the 
cave waters, and most probably neighbouring interstitial waters, constitute a refuge, in which small 
populations of these species may survive. At the end of the XIX century the water level in the Vis- 
tula R. was higher than it is now and at that time groundwaters were almost completely stagnant, ex- 
cept for periods of flooding (KLECZKOWSKI 1967). At the beginning ofthe XX century the level of 
groundwaters started to decline, and at the same time pollution (including salt concentration) began 
to increase, especially in the second half of the century (BOMBÓWNA & WRÓBEL 1966, KASZA 
1988). Oligochaetes in search of less polluted waters had actively to migrate from the river into the 
cave since the direction of water movement was reversed. In the cave there are no deposits of river 
origin, this indicating that there is and never was any direct connection with the river (GRADZINSKI 
M. et al. 1996). It is known that benthic Naididae species may actively move on the river bottom 
against the current (DUMNICKA 1996a) or using hyporeic waters (O' LEARY et al. 1992). In this case 
active migration in search of better environmental conditions seems to be the cause of populating 
cave waters by river bottom species. Migrations of inhabitants of interstitial waters through alluvial 
sediments occur also in other directions, e.g. away from the riverbed, but only a short distance e.g. 
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Nais communis was discovered some 20 m from the Colorado S. bed (PENNAK & WARD 1986). The 
furthest distance at which that species was found was in wells — up to 500 m from the Warta R. bed 
(KASPRZAK 1973c); in the case of Smocza Jama C. oligochaetes had to cross a distance of less than 
70 m. On the other hand, in one of other caves of the Olkuska Upland — the Kryspinowska C. (situ- 
ated near the Sanka R., a small tributary of the Vistula R.) no aquatic oligochaete species, neither 
benthic nor stygobiontic, have been found, this being connected with the geological structure of that 
area. This cave was formed in the Upper Jurassic limestone, within the tectonic horst of Kryspinów 
(GRADZINSKI R. 1972), which from the south and west borders with tectonic depression, which was 
filled with impermeable Miocene deposits. These deposits isolate limestone of the horst from 
ground- and surface waters ofthe Sanka R. valley. This is why water bodies in the Kryspinowska C. 
depend only on the local level of groundwaters of the already mentioned horst (prof. R. 
GRADZINSKI, personal information). 


In Europe stygobiontic oligochaetes from many families (DUMNICKA & JUBERTHIE 1994), and 
of various origin are known: limnostygobionts — Lumbriculidae, certain Tubificidae, e.g. Rhya- 
codrilus (MARTINEZ-ANSEMIL et al. 1997), thalassostygobionts — Phallodrilinae (SAMBUGAR et al. 
1999), and even species of soil origin (Enchytraeidae and Lumbricidae). Nevertheless, in Poland in 
underground waters representatives of only two families, Lumbriculidae and Enchytraeidae, have 
been found. 


Stygobionts from the family Enchytraeidae are represented by two species only: Cernosvi- 
toviella parviseta and Enchytraeus dominicae. They were found in the majority of the studied re- 
gions. As was already discussed in Chapter IV these two species have closely related ones in the sur- 
face waters and seem to be recent migrants to the underground environment. £. polonicus, found 
also in Polish caves, is a troglobiontic species, although it was found also in the sediments saturated 
by water (DUMNICKA 19772). 


The presence of stygobiontic Lumbriculidae was confirmed only in the area of the Tatra Mts and 
Klodzkie Sudeten. Presumably, they occur also in two of the studied Olkuska Upland caves 
(Smocza Jama C. and Maciwody C.) — determined as juvenile Lumbriculidae with simple pointed 
setae, hence not belonging to the epigean genera Lumbriculus and Stylodrilus. It may be assumed 
that the collected specimens belong to the Trichodrilus genus, from which in Poland only stygobi- 
onts have been found. Because of the extremely small numbers of stygobiontic oligochaetes, simi- 
larly as those of other stygobionts, it is frequently hard to be positive as to their presence. Until the 
beginning of the 80-ties no stygobiontic Lumbriculidae were found in the Tatra Mts, although the 
water bodies of a few caves were studied for several years (DUMNICKA 1977b, 1981). The first sty- 
gobiont from that family (Trichodrilus cernosvitovi) was found exceptionally in the interstitial wa- 
ters of the Western Tatra Mts streams (KASPRZAK 1981a and author's own materials). This is a 
species most frequently spotted in that environment (JUGET & DUMNICKA 1986). The second stygo- 
biontic lumbriculid — 7. moravicus — occurred in the Kasprowa Niznia C., located in the zone of os- 
cillations of the karstic water table (GLAZEK 1995). On the other hand, in the remaining studied 
caves of the Tatra Mts, stygobiontic Lumbriculidae have not so far been found, although in some of 
them their presence may be expected, especially in water bodies in contact with the phreatic zone 
(e.g. siphons in Miętusia or Zimna caves). 


Among the studied caves of the Kłodzkie Sudeten the presence of stygobiontic Lumbriculidae 
has been found in two of them (Niedźwiedzia C. and Solna Jama C.), while they were absent in the 
Radochowska C. One of possible explanations of differences in the distribution of oligochaete 
fauna in these caves may be the history of glaciations in this area. During at least two glaciations — 
the South-Polish (San) and Middle-Polish (Odra), the glaciers entered Kotlina Kłodzka I.B., but 
they did not reach the studied caves (SROKA & KOWALSKA 1998). However, the glaciers blocked 
the outflow from the Kotlina Kłodzka I.B. to the North, this resulting in the formation of a new one 
directed to the South (areas of Czech Republic with caves: Paceltova, TvaroZne Diry). In the Solna 
Jama C. and Niedźwiedzia C. the flow of water was constant and probably at that time Lumbriculi- 
dae as well as Tubificidae (Rhyacodrilus falciformis) appeared in these caves. The underground 
connection of Niedźwiedzia C. waters with karstic waters of this region and the Czech Republic 
cave waters operates even today, hence stygobiontic Oligochaeta using that route could have mi- 
grated also in the post-glacial time. Hydrogeological processes in the region of Radochowska C. 
had a somewhat different course. During the glacial epoch the Biała Lądecka R. flow was blocked 
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and in its valley terraces were formed; simultaneously a tributary of the Biała Ladecka R. in Rado- 
chów was filled up, isolating the surroundings of the cave from the remaining subterranean waters. 
In modern times, in that cave there are only waters of vertical infiltration (PULINA 1996), which pre- 
vents migration of stygobionts through interstitial waters, or from karstic flows. 


The contemporary distribution of stygobiontic Lumbriculidae, like that of Troglochaetus ber- 
anecki, seems to depend mainly on the likelihood of their migration through underground waters of 
various types, especially along river valleys, and on the emergence of environmental conditions fa- 
vourable for them. In some caves, as in Kryspinowska C. and Radochowska C., the water bodies of 
which for various reasons are isolated from groundwaters, the presence of stygobiontic Amphipoda 
(in both caves) (SKALSKI 1981) and of Troglochaetus beranecki (Radochowska C. only) was found. 
The listed stygobionts are considered to be Tertiary relicts and could have inhabited underground 
waters of the above-mentioned caves before they were isolated. 


Underground waters are an environment more continuous even than that of surface waters ena- 
bling many species living in them to be widely distributed. Together with the progress in research 
on that environment, new localities of numerous species are being found. Unfortunately, in many 
regions even where underground waters are studied, e.g. alluvial floodplains of the Danube R. 
(DANIELOPOL 1976, 1989) or Rhine R. (after GIBERT et al. 1994), the knowledge of oligochaete 
fauna is very meagre. Therefore, with the current, very incomplete state of knowledge on the stygo- 
biontic oligochaete species it would be premature to draw conclusions concerning their distribution 
and possible endemism. 
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